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BOOK I, — 


CHAPTER tf. 
Of the Air, and fome of tts Properties. 


AVING juft calculated the re- 
fiftance given by the air to bodies 

in motion, this naturally leads us to 
confider the nature and properties of the 
air itfelf. It was the method with the 
natural philofophers that juft fucceeded 
the ages of obfcurity to divide the fubje&t 
‘VoL. II, B of 
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of their inveftigation into as many parts 
as they fuppofed there were elements ; 
namely, earth, air, water, fire. We 
know nothing of the elements of which 
bodies are compofed; but as there is 
nothing abfurd in the order they have 
ufed, and as the parts will be more 
eafily explained thus, we beg leave to 
‘adopt a method, which, though: lefs 
modetn, will be found more petfpicuous. 


A GREEK philofopher, when fome 
wranglers afked him for a definition of 
motion, got up and walked ; he fhewed 
them the thing, which was the beft defi- 
nition he could give. Were we afked in 
the fame manner what is air, we fhould 
refer the querift to his experience alone 
for information. Animals breathe the 
air, birds fly upon it, fire burns in it, 
founds float in it; in fhort, the beft defi- 
nition of this fubftancé is the enume+ 
ration which we are about to give of ite 
properties. | 


How- 
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However the form of air may efcapé 
our fight, yet its fubftagce ftrikes all the 
reft of our fenfes; the bladder when 
filled with air is very different from the 
fame when empty, and then refifts prefs 
fure with great force. All places on the 
furface of the earth are replete with air, 
we find it in the bottom of the deepeft 
caverns, and upon the tops of the higheft 
mountains. 


It was the opinion of Boyle that ald 
bodies whatfoever had an atmofphere or 
a thin fluid fubftance peculiar to them- 
felves and floating round them; he 
fhewed that the diamond had its atmo- 
{phere, the loadftone another. The rofe 
we fee has an atmofphere of odorous parts 
flying round its furface, the mufk dif- 
fufes perfume ina very wide atmofphere, 
while affafetida diffufes its fcent into a 
fphere equally extenfive. The czleftial 
bodies almoft all of them that we are 
{fufficiently near to examine, have their 
atmofpheres : when a ftar is fometimes 
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hid from us behind a planet, we always 
find as the ftar emerges from this tempo- 
sary eclipfe, that the planet’s atmofphere 
hides the ftar for a while longer than we 
had a right to expe its appearance. 
As alk bodies thus have their atmofpheres, 
fo it is but analogous with the ufual | 
courfe of nature, that the earth alfo 
fhould have an atmofphere or a fluid 
fubftance floating round it filled with par- 
ticles; and fome have thought that air is 
nothing more than earth or water ex- 
panded, and afluming a more fubtil form. 
Thefe therefore compared the atmofphere 
to a large chymical furnace; in this the 
matter of. all fublunary bodies is found 
floating in great quantities. This great 
recipient, faid they, 1s continually expofed 
to the action of the fun’s heat, from 
whence refults a number of chymical 
operations, fublimations,  {eparations, 
compofitions, digeftions, fermentations, 
and putrefaGions. This fect of philofo-_ 
phers fuppofed, and brought experiments 
to prove, that air could be produced fram 
bodies 
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bodies at pleafure, that we could make 
air from earth or plants by a very eafy 
procefs, and that air was in fact nothing 
but the parts of bodies, which, by being 
changed, became capable of different 
properties. 


To this purpofe Boyle has related 
many experiments by which he made 
air. By making air he meant drawing: 
it in large quantities from feveral bodies: 
that feemed unpoffeffed of it before, or at 
leaft not poffeffed of {uch quantities as were 
extracted by him fromthem. He obferves, 
that the beft methods for accomplifhing 
this are by leaving the bodies to ferment, 
to putrify, to diffolve, or in fhort driving 
them through any procefs that will ferve 
to difunite their parts from each other. 
He adds, that even many minerals, in the 
parts of which we could expect to meet 
no fuch fluid as air, have yet afforded 
much upon being diffolved in corroding 
fluids, fuch as aqua fortis, which fepa- 
‘aa the parts of the metal from each 
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other. Hales has made many experi- 
' ments to the fame purpofe. However, 
after all, we are not to fuppofe the air 
thus made either from vegetables or 
minerals is the true elaftic air, the 
properties of which are now under con~ 
fideration, 


AL that appears air to our fenfes is 
not really fo, for we can make even 
water put on for a time the appearance of 
air, and yet this water, whofe nature 
feems thus in a manner changed, will, 
when left to itfelf for a fhort time, again 
refume its natural form, and look like 
water as before. 


THIs is proved by the very ingenious 
experiment of the olipyle, This in~ 
firument is a copper globular body, 
in which is inferted a {mall neck or pipe 
(See Fig. 43.) with a very fmall orifice, 
from whence, when filled with water 
and laid upon the fire, a vapour like 
wind iffues out with prodigious violence, 

and 
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and blows like a tempeft. The way to 
‘fill this inftrument with water is to fet it 
firft while empty upon the fire till it is 
hot, and’ then with a pair of tongs it 


muft be taken off and the pipe held | 


under water till it be filled as much as 
you think fit. Thofe who have not this 
inftrument itfclf, may eafily make one 
fomething like it with their tea-kettle, 
-only firft having filled it with water, and 
then clapping down the hd very clofe, 
flopping it round with loam or any fuch 
fubftance to prevent the fteam from ef- 
.caping any way but by the fpout. When 
this kettle boils, if you hold a candle to 
the fpout you will prefently fee it blown 
out with fome violence; and if we could 
bend down the fpout in fuch a manner 


as to blow againft the fire, the kettle. 


would blow the fire under itfelf like a 
pair of bellows. If the water put into 


ov 


the kettle inftead of heing fimple were — 


perfumed, this would diffufe the odour 
with inexpreflible frength round the 
room. If a wind inftryment were pro- 
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perly adapted to this fpout, it would 
make it found. Such are the effects of 
water when made to refemble air, but ftill 
it is altogether different from real air; 
for when this vapour is caught by a 
proper receiver, it quickly condenfes in 
drops to the fides of the veffel, and no 
way differs from common water. 


Ir is exatly the fame with all other 
counterfeiting fluids and fubftances as 
with water; how great fo ever the rare- 
faction, yet they conftantly are found 
after a time to lofe the properties of air, 
and to affume a different appearance. 
Boyle informs us, that he has drawn an 
elaftic fluid from feveral bodies, from 
bread, from grapes, from beer, apples, 
peas, as alfo from hartfhorn and paper. 
This fubftance had, at the firft appear- 
ance, all the properties of air. But upon 
examining it more clofely, it was fo far 
from being of the fame nature with pure 
air, that the animals which were con- 
fined in it, not only loft all power of 
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preathing in it, but died in it fooner than 
in a place from whence he had taken 
out all the air, 


From this therefore it appears, that 
there is fuch a thing as true air, can- 
fidered as diftin& from vapours, from 
factitious air, or any other minute fub- 
ftance floating in our atmofphere. It ap- 
pears that it can neither be converted into 
other fubftances, nor others converted into 
it. This real air when fhut up in a glafs 


-yeffel remains there continually without 


any change, and always under the form 
of air. But it is not fo with vapours, 
or other rarefied {ubftances; for as foon as 
they become cold they lofe all their elaf- 
ticity, and adhere to the fides of the glafs 
in the form of round drops, while the 
yellel which in the beginning feemed 


filled with the vapour, in a manner be- 


comes quite empty. 


ANOTHER property by which this 
pure air differs from vapours is, that by 
| thefe 
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thefe we often hinder our breathing, 
while, without the other, we could nat 
breathe. _ | 


It differs alfo from terreftrial exha- 
lations in this, that it remains the fame 
after great rains and thunder, as it was 
before them; whereas, if it was only a 
compound of exhalations, thefe when 
fired off in lightning, or falling with 
rain, would totally deftroy the cam- 
pound, and confequently change the 
nature of the air; which however is not 
the cafe, for the air remains unvaried, 
or, if it receives any change, they leave 
it more pure, | 


WE may therefore reft affured, that 
there is a fubftance called air different 
from all others, and no way allied to 
them ;. but then as to the nature of this 
fubftance, the parts of which it is com- 
pofed, the figure of thofe parts, thefe are 
things to which we are utterly ftrangers ; 
all our opinions wpon this head are but 

con= 
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conjecture. Though reafon ferves toaffure 
us that this pure ajr muft exift, yet we 
have never had the means of examining 
it folely and unmixed with other fub- 
ftances. Whatever we breathe, whatever 
we feel, is but an heterogeneous mixture 
of djfferent bodies floating in this un- 
known fupporter; and the different 
noxious or falutary effects afcribed to 
air belong properly to thofe foreign 
mixtures with which it 1s impregnated. 


BoERHAAVE has fhewn that the air 
we breathe is a chaos, or an aflemblage 
of all kinds of bodies whatfoever. What- 
ever fire can divide floats in the air’s 
bofom, and there is no fubftance, how- 
ever hard, that fire is not able at length 
to feparate into fume. Thus, for ex- 
ample, we meet inthe airall the fubftances 
which belong to the mineral kingdon, - 
as it is called, fuch as falts, fulphurs, 
ftones, and metals; thefe all by heat can 


be diffipated into fmoak, and confer 


quently become lighter than the air. 
Even 
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Even gold itfelf, the heavieft of all 


minerals, is found in the mine often 
united with quickfilver; and if we at- 
tempt to convert the quickfilver into 
fumes over the fire, a part of the gold 
will rife into the air with it. 


In the air floats alfo all fubftances that 
belong to the animal kingdom. The 
copious emanations that continually fly 
from the bodies of all animals, by per- 
fpiration and other means, (thus if an 
healthy man’s arm be put into a glafs 
cafe, the perfpiration of the limb will be 
gathered like a dew upon the furface of 
the glafs) thefe perfpirations, I fay, fend 
into the air a greater quantity of the 
‘animal’s fubftance in the fpace of a few 
months than would make the bulk of 
the animal itfelf. Even after the animal 
is dead, if expofed to the air all its 
fiefhy parts will foon be diffipated, and in 
the warmeft climates, this is often found 
fo obtain in three or four days. 


THR 
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THE air is not lefs loaded with 


— vegetable perfpirations. Doctor Hales has 


calculated that a fingle fun-flower per- 
{fpires more than a man, but a full-grown 
tree perfpires in much greater abundance. 
All thefe perfpirations go to be mixed in 
the air. When vegetable fubftances are 
left to putrefy, they then become perfedtly 
volatile, and make a part of the terreftria] 
atmofphere. 


THUus is our air faturated with an in- 
finite variety of fubftances foreign to its _ 
own nature; but of all the emanations 
which float in it, Boyle affirms that falts 
are found in greateft quantity. Some 
authors think the nitrous falts abound 
moft in air from the frequency of its 
being found fticking again{t old lime- 
walls, and other fubftances, which feem 
fitted for drawing it from the air. This 
has been-denied by fome of the moderns, 
who affirm that the nitre is not in the 
air, but actually in the wall itfelf. How- 
ever this be, certain it is that the air is 

im- 
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impregnated with falts of fome kind or 
another, and perhaps mixed in a manner 
perfeGtly conformable to the chymift’s 
art, for their effects in experiment are as 
powerful as any falts he canform. Thus 
the ftones of very old buildings are often 
corroded by the air, and gnawed away ina 
manner as if it had been done by worms. 
No unmixed falt in the elaboratories of 
art could do this. From hence we may 
gather that the bodies which float in air 
have not only all the properties of which 
they are pofleffed fingly, but alfo aflume 
new qualities which they are often found 
to poflefs by being mixed together. In 
the chymift’s elaboratory new and un- 
expected appearances continually arife 
from the mixture of different fubftances 
together. In the air, the great elabora- 
tory of nature, more different effects are 
conftantly produced, for the variety of the 
fubftances which it mixes together is in- 
finitely more. 


2 THE 
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THE air then fubjected to fenfe is a very 
heterogeneous mixture of various exha- 
lations, but what is the bafe, the fluid that 
fupports thefe, we are unable to difcover. 
The ancients éalled it an element, by 
which they meant one of thofe fub- 
Rantes of which all others are compofed. 
Doctor Hooke calls it Ether, or that fubtil 
matter which is diffufed every where. ft 
has received feveral other appellations, 
but all this is only calling an unknown 
thing by different names. ‘The ancients 
were ignorant of its nature, as well as 
its properties ; the moderns are equally | 
ignorant of its nature, but its properties 
they have inveftigated with great fuccefs. 
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CHAP. II. 


Of the moft obvious Effetts of Air upmibe 


Human Body. 


y,.ARLY Philofophy was content 

with examining Nature as fhe 
offered herfelf obvioufly to -view. 
Later enquirers have {crutinized more 
clofely into her fecret workings by the 
means of experiments. Let us firft then. 
confider thofe properties of air which the 
firft philofophers enquired after,. and 
then fee what wonders modern experi- 
ments have fhewn; and thus following 
nature upon the view, at laft purfue her 
into her more fecret recefles. 


Arr, as we faid already, is the prin= 
cipal inftrument of nature in all her 
productions. If we deprive an animal 
of air by obftructing the organs by which 
they infpire it, the animal will die in a - 
few minutes. If we fhould by any other 

3 | means 
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ineans deprive the animal of the free ufe of 
air by fhutting it into a clofe veflel, the air 
with which it is thus included would foon 
become unfit for all the purpofes of life, 
and the animal would die in a few minutes. 
Air therefore is neceflary for the f{upportof 
all animals; even fithes that livein water 
cannot do without it: if a fith is put into 


‘4 clofe veffel of water where the external. 


air is excluded, the fifth will foon die for 
want of frefh air. Thi fifhes in a pond 
covered over with ice would die if care 
were riot taken to break the ice, and fo 
let in frefh air upon the furface of the 
water to fit it for their réfpiration, — 


Wuart miay be the ufes of the air thus 
infpired by animals, or why it fhould be 
thus neceflary for the fupport of life, is 
a queftion philofophers cannot eafily re- 
folve. Some are of opinion that there 
is a falt in the air, which the lungs of 
animals continually imbibe as they draw 
in their breath. This opinion they 
fathered from the fine fcarlet colour of 
Vor. IL C the 
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the blood of the arteries juft as it came 
from being mixed with the air in the 
lungs, and that dull colour in the venal 


blood which it had before. The fcarlet 


colour of the blood, they faid, refembled 
what a falt would have given it, while 
the blackith colour of the blood before it 
came to the lungs, fhewed that it wanted 
thofe falts which it afterwards received 
from the air to fit it for the purpofe of 
animal life. Thisis not true. There is 
no more falt in the fcarlet arterial blood, 
than in the dufky-coloured venal blood ; 
and in fact, none in either, except a part 
of that falt we eat. 


ANOTHER {fect were of opinion that 
the air was neceffary to fupport animak 
life, becaufe without it the blood could not 
be driven through the body. For the air, 
faid they, prefling down upon the large 
furface of the blood in the lungs, like 
the pifton of a fyringe drives, it through, 
the.tubcs appointed for its reception, ang 
fo the blood is driven from ong tube ta 

_” another 
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atiother through the whole body: This 
18 not true! Becaufe the child in hig 
mother’s womb has the blood circulating 
through his whole body, and no air comes 
to his lungs whatever, 


Doctor Whytt has given us fome 
ingenious conjectures upon this fubjed. 
He afcribes much to the irritation of the 
ait upon the internal furface of the lungs, 
which thus contraéting to the touch, 
drives forward the blood through the 
reft of the body. After all thefe con- 
jeGtures, the particular ufes of the air 
in regulating the animal ceconomy, are 
hot yet well known, but even chil- 
dren are convinced of its utility. We 
rather know what harm it would do us 


if taken away, than the good it does us 
being given, 3 : 

THE air produces feveral effetts upon 
the body in proportion as it is charged 
With vapours and exhalations. This was 
well known to Hippocrates, and feverak. 
Jucceeding phyficians have given us hif- 

a C2 tories 
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tories of thofe diforders which are pro= 
duced by the badnefs of air. An air 
charged with the particles either of 
arfenic or quickfilver will foon become 
fatal. In the quickfilver mines at Idra I 
have feen the workmen in general mifer- 
ably affected from the nature of the 
atmofphere in which they were obliged 
to breathe. The moft vigorous were in 
fome meatfure palfied by working there, 
and that ina few days; fcarce any were 
known to outlive a term of three years 
conftant refidence at the mine. | 


THE air when filled with exhalations 
from animal bodies acquires a peftilential 
quality, as it is thought, and thefe ex- 
halations have been’ known to corrupt 
quickly ; the common baths of the warm 
countries, in which feveral bathe in a 
morning, if not conftantly changed, 
would foon grow intolerably offenfive. 
It has been theoretically alledged, that if 
a number of men were crowded into a 
fpace of fmall extcnt, the exhalations 


from their bodies would foon form a 
column 
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‘column of feventy-two feet high, which, 
if not diffipated by the winds, would 
become inftantly fatal to one juft placed 
in it. Theory firft afferted this; the 
number of perfons fuffocated at Calcutta 
fhews the theory to have too true a foun- 
dation. _ From hence we may infer,- that 
thofe who build or improve cities, fhould 
be very attentive to make the ftreets fuf+ 
ficiently {pacious, and not permit their 
prifons to be crowded with. wretches, 
whofe numbers muft neceflarily breed 
infection, It were even:to be wifhed, 
that people abftained from burying their 
dead near churches, ‘where there is, or 
fhould be the greateft refort of the living. 
Yet, after all, though air that has been 
too much infpired by man muft be un- 
wholefome, yet probably the air, in fome 
meafure, acquires an healthful quality 
by being moderately peopled, if I may 
fo exprefs it. The air upon a defolate 
coaft, however open and dry the foil, is 

always found dangerous; while univer- 
| C 3 : fally 
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fally through Europe the moft populoug 
cities are reckoned the moft healthful. 


_ Er brafs or copper plates be heated in 
the fire, and the vapour that afcends from 
them while thus burning be conveyed by 
‘blowing or any other means into.a clofe 
room, animals, in ‘fuch air, will be in- 
flantly deftroyed: this is a very con- 
vincing proof how much mines of copper 
may prejudice the atmofphere, and de- 
ftroy the wholefome qualities of the air, 


AIR may be heated by a very eafy 
experiment; a common pair of bellows, 
having their end or fnout heated red hot, 
will render the air that is blown through 
jt hotter than the hand can. bear. Hot 
air is reckoned extremely prejudicial to 
health. It has been faid, that when air 
acquired a degree of heat greater than 
the natural heat of animals, which ig 
ufually reckoned to amount to about an 
hundred degrees by the moft common 


thermometer (as we hall ihortly thew) then 
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~ it was thought the animal could not live 


in it. However, this is a miftake; for 
Mr. Ellis, when in South Carolina, mea- 
fured the warmth of the air, and found 
it feveral degrees greater than animal 
heat, yet the inhabitants bore its ex- 
tremity with health and  unconcern. 
However, it will ftill hold that when 
the heat of the air is increafed to many 
degrees beyond the warmth of the lungs 
that breathe in it, it will corrupt the 
folids and fluids both, and foon bring on 
death. Ina fugar baker’s oven, in which 
the heat was equal to an hundred and 
forty-fix degrees, that is fifty-four 
beyond animal heat, a fparrow died in 
two minutes, and a dog in twenty- 
eight. 


CoD in excefs has a very injurious 
effect alfo upon the health of anitnals, 
but its malign influence js neither fo 
fudden nor fo fure as that of heat. Cold 
contracts the animal fibrés fo much that 

C4 the 
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the fame’body meafured in hot weather 
and then in cold, will be found to be 
fhrunk in the latter very confiderably, 
Extreme cold aéts on the body like fo 
many fmall needles entering its furface, at 
firft only producing a flight itching, then 
a {mall degree of inflammation, and foon 
after, if carried to excefs, a total ftop- 
page of the circulation. This irritation 
of cold is felt peculiarly fevere upon the 
furface of the lungs internally, where 


the thin covering of the parts is eafily — 


affected. The cold air entering into the 
lungs would be actually infupportable, 
but that a part of the warm air, which was 
left behind in the former expiration, ftill 
remains and mixes with the frefh cold air 
taken in, However, the continual want 
of perfpiration, the cold clofing up the 
pores of the fkin, .together with the 
continual irritation upon the different 
parts of the body, in a fhort time pro- 
duce the moft terrible fymptoms. The 
{curvy is the peculiar diforder of cold 
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countries, a diforder which, in the artic 


regions, aflumes very different appear- 
ances from thofe which we are accuftomed 
to fee in this temperate climate;- the 
joints immoveable, an ulcerated bodys 
the teeth falling, old wounds received 
in the former part of life breaking open 
again, thefe and feveral fuch terrible 
fymptoms are the confequence of living 
in an air too cold for the native of a 
temperate climate to fuftain. Such ag 
defire an hiftory of the fatal fymptoms 
attending this diforder, may confult Ellis’s 
voyage to Hudfon’s bay, where they will 
not only fee the hiftory of the difeafe, 
but alfo the beft methods of preventing it. 


' AN air too humid produces a relaxation 
in the fibres of animals and vegetables. 
The moifture infinuating itfelf through 
the pores of the body augments its di- 
mentions. As-the ftring of a fiddle 
grows thicker and confequently fhorter 
by being moiftened, fo do the animal 
fibres relaxed by too much humidity. 

A perfon 
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A perfon that fwims is more wearied by 
the relaxation of his fibres by the water, 
than he is by the fatigue of the exercife 
itfelf. This relaxation, if continued to 
any great degree, foon begets a peculiar 
train of dangerous diforders; agues, 
dropfies, and*palfies are generally its 
fureft attendants. In fhort, the air and 
tts peculiar qualities have fuch an affinity 
with the human conftitution, that it 
fhould be our care to ftudy them, if 
not from reafons of curiofity, at leaft 
from motives of felf-prefervation. As 
humidity is therefore dangerous to the 
conftitution, there ‘has been a method 
contrived of meafuring the quantity of 
humidity in the air, that when known 
we may guard our bodies or chambers 
againft it. This cheap inftrument is 
caHed the hygrometer or weather-houfe, 
which is made merely upon the principle 
of a piece of cat-gut lengthening tq 
dry weather and contracting in moift 
weather, 


How 
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¥low bodies thus with moifture fwell 
and fhorten is eafily conceived, for the 
tiquid that enlarges the dimenfion of the 
fibre one way, will neceflarily fhorten it 
the other. If I draw a cat-gut or any 
ether cord to a great length between my 
fingers, I will make it fmaller than it was 
before; on the contrary, when J let it 
go and when it thus becomes thicker, it 
becomes alfo fhorter. To illuftrate this 4 
littke moré, for the queftion is attended 
with fome difficulty ;.and the difficulty is, 
why the-fame moifture that enlarges the 
fibres of the cord'crofs-wife does not alfo 
enlarges them length-wife ? In. other 
words, why, a9 the cord fwells, does it 


not alfo lengthen, for fuch is the cafe in | 


timber moiftened in water, as Mufchen- 
brook juftly obferves ? This queftion has 
been folved by different methods, The 
following wilt fuffice. If the cord be 
fuppofed to refemble an elaftic tube of 
put, and water be forced into it at one 
end, the fluid preffing out its fides 

pee equally 
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equally every. way, its dimenfions crofs- 
wife will be encreaf:din a much greater 


proportion than length-wife, and as itis — 


protruded with fuch excefs crofs-wife, it 
muft confequently grow fhorter length- 
wife to conform to the forcing power. 
Such a theory may ferve for this wonder- 
ful appearance. of: the cord’s fhortening 
by moifture ; but timber, the fibres of 
which are more rigid, will not yield fo 
readily: to the influx of the fluid, and 
confequently will not fhorten in pro- 
' portion as it {wells. After all, however, 
we mutt leave this fubje&t_in obfcurity, 
and what is moft extraordinary, natura~ 
lifts have in general paffed it over as.an 
objet unworthy their notice. The fact, 
however, is certain; every day’s expe- 
rience fhews us that cords of all kinds 
contra&t. with humidity, and lengthen 
when the weather becomes dry. When 
Trajan’s pillar was a fecond time reared 
by Pope Sixtus, we are told that the cords 
of the machine employed in raifing i 
were found too long juft when the pillar 

was 
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was almoft upright. The machinift that 
direG&ted the whole was at a lofs, till a 
countryman taught him to fhorten the 
cords by the affufion of water. However 
true this ftory may be, the hygrometer 
when its cord is fhortened will mark the 
humidity of the air, and when the fame’ 
is lengthened it will denote its dry- 
nefs. ‘The ufual method of making an 
hygrometer is as follows. Let ABC 
(See Fig. 44.) be the lower part of a 
twifted line or cord hanging from 
the height of the. room againft the wall 
or wainfcot. On the wall let there 
be defcribed a large circle graduated into 
an hundred equal parts, fuch as KLMN; 
in the centre of this circle is fixed a 
pulley turning upon its axis, and bearing 
an index or hand upon it OP. If now 
a cord be put round the pulley, anda 
{mall weight or ball fufpended at the 
lower end to keep the cord tight, as the 
cord gathers moifture from the air it will 
become fhorter, and confequently turn 
the pulley upward, and the index rifing 

with. 
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with it will point higher as the air is 
more moift. This is an hygrometer that 


any perfon may make; but an eafier and. 
ftill a cheaper I am told may be made by 


a wild oat-beard, which lengthens with 
dry weather and contracts with moifture 


much more fenfibly than any other fub- 


fiance whatfoever. A very fmall hare 


of ingenuity may form it into a gradu-, 
ated hygrometer, and the fimpler it-i¢ 


conftructed the better. 


Experimental Pbilofophy. 38. 


CHAP. | 
Of the moft obvious Effects of Air upor 


mineral and vegctzble Subftances. 


) To effeéts of the air, by which 
: I at prefent mean that heteroge- 
neous mixture that floats on our atmo- 
fphere, are ftill as apparent in the alte- 
rations produced on fome minerals and 
vegetables as on man. In fa, it is 
- moft likely that all natural corruptions 
and alterations proceed from the air 
alone; for if we keep the air from either 
minerals or vegetables by any contri- — 
vance, either by oiling the furfaces of the 
one, or ftoppin g up the others pores clofe; 
in fuch cafes neither will metals ruft, nor 
vegetables putrefy. If the air is kept 
from them, they are feen neither to en~ 
creafe or diminith, metals ceafe to change, 
and vegetables to grow or to corrupt. 


TuHose metals which the air cam pene- 
trate, fuch as iron, lead or copper, are foon 
ae touched, 
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touched, rufted, and in a number of 
years are corroded entirely away. On 
the tops of high mountains, where the 
air is not fo much impregnated with 
foreign materials, things are not fo apt 


to change. Words written upon the fand . 


or the earth in thefe places have been 
legible forty years after, and appeared 
no way disfigured or defaced. 


But though the air, which is a fubtil 
fluid, penetrates iron or copper after a 
feries of years, yet in immediate ufe the 
pores of either give it no admiffion. 
The air will pafs through the pores of 
lead unlefs the metal is firft hammered 
upon an anvil. It will not pafs through 
hard ftone, nor wax, nor pitch, for 
rofin, nor tallow, thefe fubftances effec« 
tually refift its admiffion; and if veffels 
fhould be made of thefe fubftances, or 
lined with them, they would keep the 
inclofed air which was blown or driven 
into them for fome years without lofing 
any part of it. After a long feries of 

| | years, 
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years, however, the air will eat its way 


through thefe fubftances, and thus con- 
trive its.own efcape: 


THESE keep the air fora long time: 
There are other fubftances which the.air 
will foon penetrate, It will infinuate 
itfelf through wood, however hard or 
elofe it may appear. It will pafs through 
dry parchment, through dry leather, 
paper, or a bladder turned infide out; 
but if thefe fubftances be moiftened either 
with water or oil, they then become air~ 
tight : However, if the air be very much 
rarified, it will not pafs through all forts - 
of timber; and if the timber be oiled, it 
will refift the air better than before, 
There are but two fubftances that refit 
the air, and eonfine it without being cor- 
roded by it; namely, gold, and vitreous 
or glafly bodies, fueh as gems of all 
kinds, and common glafs. 


LeT us now therefore fee what are the 
effects of air when it thus infinuates itfelf 
Vor. If. . @ | énto 
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into the pores of bodies and mixes itfelf 
with them. We have already faid that 
the air contained a mixture of different 
fubftances, falts, metals, fulphurs; and 
fuch-like; thefe when uniting with the 
furfaces of terreftrial bodies ‘muft natu- 
' rally corrode them, as we fee aqua fortis, 
which is made of a mineral acid, core 
rode iron. It is not lefs corroded in the 
Space of a few years by the acid of the 
air; and the moft ufual methods of pre- 
venting this acid falt from entering its 
furface, is either to clofe up the pores of 
the furface by giving the iron the higheft 
polifh it is capable of bearing, or by 
oiling it, which will anfwer till the oil is 
evaporated. ' Boerhaave affures us, that 
he: lias feen iron bars fo: much corroded 
by the acid of the air, that he could 
erumble them between his fingers like 
duft. As for copper it is foon corroded 
by the air, and covered with a green 
ruft like verdigreafe, which is no other 
than the acid of the air mixed with the 
parts of the metal. As for lead, tin, and 
~ 8 filver, 
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filver, they all contrat a ruft in like 
manner. Acofta informs us, that in 
Peru the air diffolves lead entirely ; and 
we fee our leaden pipes affixed to houfes 
that have been a long time expofed, very 
much injured by the corrofion of the air. 
Gold is the only metal which we find the 
air will not ruft or confume. The only 
fubftance that confumes gold is fea falt ; 
this falt it is almoft impoffible to raife into 
the air, or volatilize, as it is called. Itis — 
not wonderful therefore that the air can- 
not confume or ruft gold, fince it wants 


the falt adapted for this operation; all 


other falts are more eafily volatilized and 
made to fwim in the air, and thereforé 
every other metal finds in the air the falt 
adapted to corrode it. In elaboratories, 
however, where aqua regia is made, fea 
falt is volatilized in fome quantity, andin,. 
thefe places gold is actually found to ruft. 


In the operations of the chymift many 
of the changes of bodies are very diffe- 
rent, if they be made in a clofe or an 

| D2 open 
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open air, Thus camphire burnt in 3 
clofe veffel diffolves all into falts; when, 
on the contrary, if the fame procefs were 
carried on in the open air, the whole 
would diffipate into {moak. In the fame 
manner, if fulphur be placed upon an 
iron plate under a glafs bell, with the 
edges clofe flopped, fire being placed 
beneath, the fulphur will rife in {pirits 
round the internal furface of the bell; 
but if by the {malleft opening the air 
within the bell has a communication 
with the external air, the fulphur will 
inftantly take fire, and the whole will be 
confumed. An ounce of charcoal in- 
clofed in a crucible well ftopped will 
remain in the fire a whole fortnight 
without being confumed or lofing any of 
its weight; whegeas the thoufandth part 
of the fame fire applied to it in open air 
would have confumed it entirely. Van 
Helmont adds, that during the whole. 
time the charcoal does not even lofe its 
blackneis, but upon the air’s being intro- 
duced but for a moment, the whole 
, alee 
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mais, tho’ black before, falls into white 
athes. What befalls the charcoal in this 
experiment, will likewife be the cafe with 
all other vegetable or animal fubftances 
that are burnt in the fire in a clofe veflel 
and then immediately expofed to the air. 


THE air, when impregnated with the 
| ‘vapours of a mineral, deftroys all fub- 
ftances that fuch a mineral would deftroy. 
Thus, in a place where a mineral ore is 
found in great abundance, the air is im- 
pregnated with a vitriolic acid that cor- 
rodes whatever it touches. In London, 
where there is much coal burnt, and 
where the afr is confequently impreg- 
nated with fulphur, experiments upon 
falts are very different from what they 
are in an air of a different kind lefs ful- 
phureous. For this reafon, the metal 
utenfils are found not to ruft fo foon in 
London as in fome other parts of the 
kingdom where wood or turf is the only 
fireufed in common. For in thefe latter 
places the air abounds with corroding 

D3 — falts, 
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falts, which, in London, are overcome 
by the fumes of the fulphur; and this 
may be one reafon among others why 
that great metropolis is fo healthy. 


THE influence of the air upon fome 
-faline fubftances is ftill more apparent 
than what we have yet mentioned. 
Many of them, which, when the air is 
kept away, continue for a long time under 
the appearance of cryftals, upon its 
admiffion extrac all its humidity, and 
melt without any other liquid added to 
them. Some upon the admiffion of the 
air change their nature, and from what 
chymifts call fixed falts become volatile, 
as, for inftance, falt of tartar, when ex- 
pofed to an acid air. On the contrary, 
volatile falts become fometimes fixed. | 


In India, where the nitrous falts are. 
found by experience to abound greatly 
in the air, they dye many colours in 
much greater perfection than we can in 
England. In Guinea, the heat, joined 
with the humidity, caufe fuch putre- 

faction 
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faction in every vegetable and animal 
fubZance, that the beft drugs lofe their 
virtues in that terrible climate. In the 
ifland of St. Jago belonging toSpain, they 
are obliged to expofe their bales by day 
in the fun to dry them from the moifture 
they have contracted during the night. 


WHEN the Dutch, faith Boyle, cut 
down the clove trees of the ifland of 
Ternati, of which it was full, in order 
to inhance the price of cloves in Europe, 
this produced fuch a change in the air, 
that the ifland from being extremely 


healthy, became fickly and unhealthful 


to an extreme degree. A phyfician who 
was then upon the fpot, aflured Mr. 
Boyle that thefe diforders proceeded from 
the noxious vapours of a volcano that 
was upon the ifland, and againft which, in 
all probability, the vapours perfpired by 
the clove tree were an effectual antidote. 


THESE and numberlefs fimilar in- 


ftances might be produced of the power 
D 4 of 
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of the atmofphere over terreftrial bodies, 
Whatever ¢hymical diffolvents can per. 
form, the atmofphere will he found in 
time to do the fame. For the ¢erreftrial 
body will attract from the air thofe fubs 
ftances with which it has the greateft 
affinity; and as ftraws are attracted by 
amber, fo will the acid and vapours of 
the air by fubftances on earth peculiarly 
adapted to receive them; fo that the 
doctrine of attraction is bound to explain 


all the chymical changes in nature. The © 


yery feafons are under its influence; 
whatever alters the heat of the atmo- 
{phere, as we obferved above, alters alfo 
the natyre of the air. By this heating pro- 
perty, Boyle fppofes that falts and other 
fubftances are kept liquefied in air, and 
that bejng melted together they act con- 
junatly. He fuppofes, that by cold they 
lofe their fluidity and their motion, that 
they cryfiaJlize and feparate one from the 
other, and by their weight hang clofe to 
the furface of the earth, cling to-all fub- 
ftances, and preyent vegetation. 
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CHAP. IV. 
Of Air confidered as a Fluid. 


UCH are the moft obvious of that 

heterogeneous affemblage of bodies 
jn our atmofphere ; but that fine and 
perfectly tranfparent fubftance the true 
natural air which fupports them, comes 
next to be taken into confideration; and 
its flyidity, or the eafy yielding of its 


_ parts, is one of the moft obvious of its 


properties, The eafe with which it gives 
way to the fwifteft bodies need fcarce be 
mentioned ; founds travel through it with 
great rapidity, odours and emanations of 
all kinds find no difficulty in moving 
forward and preffing afide its parts to 
gmake way for their own. Thefe all 
\demonftrate the air to bé a moft yielding 


“fubftance which gives way, if not pre- 


vented, to every impreffion ; and this is 
put another name for fluidity, Thig 
| fluid 
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fluid quality the air never lofes, though it 
be kept never fo long in the clofeft 
veflels, though it be expofed to the 
greateft viciffitudes of heat or cold, or 
though it be preft together with the ut- 
moft violence of human force affifted by 
machinery. Still the air continues that 
yielding fluid it was at firft; in all thefe 
cafes it was never found that any of its” 
parts became folid, and unbending to 
the touch, or that they were reduced into 
any other fubftance different from air. 
Why the parts of this fluid fill retain 
their ufual form we cannot tell; to un- 
derftand this would require a knowledge 
of the figure of the fmall parts of air 
themfelves; to underftand this, it would 
be neceflary to know the dimenfions of 
thofe {mall parts, and alfo to know their 
mutual tendency to attract or repell each 
other. None of thefe however are known 
to us, and therefore the caufe of the air’s 
fluidity muft ftill remain a fecret; it is 
fufficient that we know that it is a fluid, 
the appearance and not the caufe is all 
that 


— 


Experimental Pbilofopky. 43 


that we are permitted to underftand. 
Cartefius afcribes its fluidity to an intef- 
tine motion in its parts. But whence 
arifes the inteftine motior? This motion 
is even more difficult to be accounted for 
than fluidity itfelf, a greater wonder 
is therefore fuppofed in order to account 
for a lefs. Boerhaave afcribes the fluidity 
of the air to the heat of the fun, which 
keeps it in a ftate of liquefaction; and 
he fuppofes the whole atmofphere would 
congeal into one {olid mafs if it were not 
for the affiftance of the fun’s fire. This 
is contrary to experience; no degree of 
eold can in the leaft alter the air’s flu- 
idity, or unite its parts into the form of 
the {malleft folid: Befides, on the tops of 
the higheft mountains where the cold is 
greateft, the air is (to ufe his own ex- 
preffion) moft liquefied. Newton’s fol- 
lowers have attempted to explain the 
fluidity of the air- by means of their 
great inftrument attraction. The parts 
which conftitute the mafs of the air, fay” 
they, may be fuppofed to be globular, 

| ; they 
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they therefore touch each other in very 
{mall furfaces, as all globes muft. The 
attraction between two bodies that touch 
will be lefs in proportion as the furfaces 
that touch, and the quantities of matter 
in the touching bodies are little. In the 
parts of air therefore, as both are ex~ 
tremely {mall, the attraétion muft be alfo 
very little, and the parts will confequently. 
be feparated from each other with the 
greateft eafe. This hypothefis, however, 
fuppofes, what, if denied, can never be 
proved; namely, that the parts of the 
air are globular; we do not know of 
what figure the parts of the air confift, 
However, though we do not certainly 
know the figure of the. pasts of the air, 
it is very poflible they are fpherical or 
globular; firft, becgufe bodies that are 
of that figure roll over each other, and 
give the eafieft way to any impreffion 
made upon them ; and fecondly, becaufe 
the Jarger parts of fuch fluids as we can 
view with a microfcope, are of a {pheri- 
cal figure. Thus the parts of mercury 

rifing 
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rifing in fume are all fpherical, the parts 
of the blood running through a very 
_ {mall tranfparent vein are fpherical, fo is 
the chyle or that part of our nutriment 
which is going to be turned into blood. 
Derham having examined with a micro= 
{cope a.ray of light paffing from the fun 
into a dark room, found that all the va- 
pours which danced to and fro in this 
ray. were perfe@ly globular. If there- 
fore all the groffer fluids are compofed of 
{pherical parts, we may from analogy 
conclude that more fubtil fluids are com- 
pofed of the fame. But notwithftanding 
this fimilitude, we muft confider the air 
as a very different kind of fluid from 
water, oils, mercury, or fuch fubftances 
which are called peculiarly liquids. All 
the parts, of liquids we find, when is 
any quantity, funk with a level furface; 
but the air, for aught we know, affumes 
no fuch furface. 


But though the air differs from other 
fluids in feveral properties, which we 
| fhall, 
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fhall fhortly fee, yét it agrees with al! 
fluids in this, that it preffés in aH kinds 
of directions with .équal force; that is, 
fuppofe I fhould confine air in a bladder, 
jt prefles againft all parts of the fides of 
the bladder with equal forcé, and if the 
ait be continued to be driven in, it will 
burft that part of the bladdet which is 
weakeft, That the air prefles with as 
- much force arly one way as another, that 
it préfles upward, downward, fideways, 
obliquely, in all directions with equal 
force, may be concluded from an experi+ 
ment of Mr. Mariotte. He took a long 
bottle with a {mall hole towards the 
middle of its fide. This bottle being 
filled with water, the hole keing in the 
mean time clofed with the finger, a glafs 
tube open at both ends was dipped into 
its mouth, fo that the lower end of the 
tube came below the little hole on the fide. 
The mouth of the bottle wag'then well 
clofed round the tube with wax, fo that 
no air could enter that way. This being 
done, water was poured into the tube to 


fill 
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fll it, and the finger was taken from 
the hole on the fide. If with a finger in 
the mean time the top of the tube were 
ftopped, and the fide hole thus left open, 
no water would pour through the fide 
hole at all for want of vent at top, as 
the vulgar exprefs it. But both holes 
being left open at top and fide, the effects 
that followed were thefe. The water ran 
out of the fide, and defcended in the tube 
to below the level of the hole, and the 
reft of the bottle remained full. Now 
from this it appears, that the perpen- 
dicular preffure of the air through the 
tube is but juft equal to the lateral pref- 
fure through the hole. For if it.exceed- 
ed, then the whole of the water would 
be driven through the hole on the fide, 
which however is by no means the cafe, 
for the air upon the fide hole preffes as 
forcibly as that which comes down the 
perpendicular opening of the tube, and 
therefore the air prefles equally in all 
‘directions. 


From 
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From this experiment therefore ix — 


appears, that air prefles in all directions, 
‘upwards, downwards, laterally, and 
obliquely. Now, why fhould we not 
confider the particles of air as thus 
preffing in all direCtions upon each other, 
and if they prefs éach other equally every 
way, their figures muft moft probably be 
fpherical. This however is only offered 
as a conjecture, and luckily for mankind, 
it matters not whether thefe conjectures 
be true or fallfe. 
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CHAP. V. 
Of the Weizht of the Air: 


S light as air; is an expreffion 

, made ufe of in commoan conver- 
fation, yet it is much heavier than is 
commonly imagined. We have number- 
lefs proofs of its weight, many of which 
though the ancients could éftimiate as 
well as we, yet they confidered it as a 
fubftance totally void of gravity, and 
called it an element. An element was 
fomething different from earthly matter, 
and therefore they confidered it as want- 
ing material ponderofity. The ufage of 
an undefined name thus fatisfied all their 
curiofity. However all material fub- 
{tances, of which air is one, have 
weight; like other bodies it falls to the 
earth, and is more denfe as it approaches 
its center. All people know that air on 
the tops of high mountains is much 
rarer and thinner than it is below in the 
valley; if they fhould doubt it, the dif- 
Vou. II. E . ference 
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ference they will find in drawing their 
breath in the different places will clearly 
convince them. As they go up a very 
high mountain their breathing becomes 
quicker, the atmofphere becomes clearer, 
neither clouds nor vapours are able to 
rife to {uch heights, and therefore as he 
afcends the traveller leaves the tempeft 
and the ftorm midway below him. Ulloa, 
who went to take the meafure of a degree 
upon the Andes in Peru, which are the 
. higheft mountains in the world, tells us, 
that when clouds gathered below the 
mountain’s brow while he ftood on the 
top, they feemed like a tempeftuous 
ocean all dafhing and foaming below 
him, here and there lightnings breaking 


through the waves, and fometimes two’ 


or three funs reflected from its bofom. 
In the mean time he enjoyed a cloudlefs 
and ferene fky, and left the war of the 
elements to the unphilofophical mortals 
on the plain below him. 


SUCH appearances as thefe, with which 
the ancients were as well acquainted as 
we, 


Experimental Philofopby. st 
we, might have led them to confider the 
air as having weight; but they were not 
at this time acquainted with a machine 
which ferves to difcover its weight by 
proofs much better calculated for con- 
vidtion than thofe brought from untried 
nature. The machine I mean by which 
we fo plainly difcover the weight of the 
air, is the air-pump. For the firft in- 
vention of this, the world is indebted to 
Otho Gueric, a German; but it was our 
countryman Boyle who turned it to real 
ufes, it was he who improved it, and 
applied it to philofophical purpofes. In 
the hands of Gueric it was a mechanical 
inftrument; in thofe of Boyle it was” 
a truly philofophical machine. By this 
machine we can with eafe empty a glafs 
veffel of its air, and put what bodies into 
it we think fit. Thus comparing the 
changes wrought upon bodies by being 
kept from air, with the fame bodies when 
expofed to air, we come to a knowledge 
of the effedts of air upon bodies in 
general. 

E 2 BUT 
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BuT before we come to examine the 
ufes of this machine, let us firft give its 
defcription as it is in its prefent ftate of 
improvement: rather defcribing the in- 


ftrument as already made, than giving 


directions how to make it. 


Havinc put a wet leather on the plate 


Ly L, {See Fig. 45.) place the large glafs 


or veffél receiver M with its mouth down- 


 - wardsit pon the leather, fothat the hole z in 
_ the’plate may be within the glafs. Then 


turning the handle F backward and for- 
ward, the aur will be pumped out of the 
receiver by the contrivance of the mecha- 
nifm below, which we are going to 
defcribe.' ‘As the handle F, reprefented 


more at large (Fig. 46.) is turned back- 


wards, it raifes the fucker or pifton d e 
in the hollow barrel B.K by means of 
the toothed wheel F engraining in the 
toothed rack Dd: and as the pifton or 
fucker is leathered fo tight as to fit the 
barrel exactly, no air can get between. 
this pifton and the barrel, and therefore 
all the air above d in the barrel is lifted 

up 
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‘up towards B, and a vacuum made in the 
barrel from ¢ to 6: upon which part of 
the air in the glafs M (Fig. 47.) by its 
fpring rufhes through the hole ¢ in the 
brafs plate LL along the pipe G G, 
which communicates with both barrels 
by the hollow trunk 1H K, and pufhing 
up the valve 4 (a valve is a bit of leather 
that covers a hole as the flapper of a 
bellows, admitting the air in, but fuffer- 
ing none to go back) pufhing up the 
valve, I fay, the air enters into the 
vacuity 4¢ of the barrel BK. For the 
air will naturally prefs into thofe places 
where it is leaft refifted.— All this is done 
by drawing the handle towards D. Now 
then turning the handle forward the con- 
trary way towards C, the pifton d ¢ is 
depreffed in the barrel, and as the air 
which had got into the barrel cannot be 
puthed back through the valye 4, for the 
valve clofes like the flapper of a bellows, 
and will not let the air back the way 
it came, the air muft therefore afcend 
through an hole in the pifton, and efcapes 
E 3 through 
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through a valve at d; and is hindered by 
that valve from returning into the barrel 
when the pifton is again raifed. At the 
next raifing of the pifton, a vacuum is 
again made in the fame manner as before, 
between 4 and e, upon which more of 
the air which was left in the glafs receiver 
M gets out thence, and runs into the 
more empty barrel B K through the valve 
b. The fame thing is effeted with re- 
gard to the other barrel AI, and as the 
handle F is turned backwards and for- 
wards, it alternately raifes and deprefles 
the piftons in their barrels, always raifing 
one while it depreffes the other. And as 
there is a vacuum made in each barrel 
when its pifton is raifed, every particle 
of air in the receiver M puthes out an- 
other through the hole i and pipe GG 
into the barrels, until at laft the air in 
the glafs receiver comes to be fo much 
rarefied that it can no longer get through 
the valves, and then no more can be 
taken out of the receiver. From which 
it appears there is no fuch thing as 

making 
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making a perfe& vacuum in the receiver 5 


for the ‘air that leaves the receiver is 
driven out by that which remains be- 
hind, there muft therefore fome remain 


behind at laft. 


Tus is the conftruction and nature of . 
the celebrated air-pump. Some inftru- 
ments at firft contrived only for explain- 
ing fcience, become at laft by frequent ufe 
a part of the {cience itfelf, and demand 
an equal explanation. Such is the cafe 
with this; and the reader muft pardon 
our prolixity in the defcription. There 
‘s a cock & below the plate LL, which 
being turned, lets air into the receiver 
again. There is a elafs tube / mn open 
at both ends, and about thirty-four 
inches long, the upper end communi- 
cating with the hole in the pump plate, 
and the lower end immerfed in quick- 
filver at 2 in the veffel N. To this tube 
is fitted a wooden ruler m m, divided into 
inches and parts of an inch from the 
bottom at #, where it is upon a levcl 
E 4 | with, 
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with the furface of the quickfilver, and 
continued up to the top, a little below 4 
to thirty or thirty-one inches. Now the 
quickfilver in this tube rifes as the air is 
exhaufted in the receiver, for it opens 
into the receiver through the plate L L. 
And the more the air is exhaufted, the 
more will the quickfilver rife, (for a 
reafon we fhall fhortly fee) fo that by 
this means the quantity of air pumped 
out of the receiver may be very exactly 
meafured. 


- By means of this inftrument the firft 
thing we learn is, that the air is actually 
heavy. If a veflel be by means of the 
air-pump exhaufted of its air, if we clap 
the palm of our hand to its mouth we 
fhall quickly perceive the weight of the 
air upon the back of the hand, preffing 
the hand in a manner into the veffel. 
If a part of the fkin of a bladder fhould 
be placed there inftead of the hand, the 
external air would break the fkin with 
great force, and ruth into the veffel with 

a noife, 
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a noife. If the air be pumped out of a 
{quare glafs veffel, the weight af the ex- 
ternal air will break the glafs in pieces. 
If a flat pieee of glafs be fixed upon the 
top of an exhaufted receiver, the air 
without, prefling upon the flat glafs, will 
break it all to pieces, But to put the 
air’s weight paft all doubt, we can actually 
weigh it in a balance, and it is there 
found heavy. ee 


Havine exhaufted the air out of a 
thin glafs flafk, and fufpended it at one 
end of a balance, which being nicely 
counterpoized by weights in the other 
fcale. This done, admit the air into the 


 flafk, into which it will rufh with a 


noife, and though the flafk was balanced 
before, it wil] now upen the admiffion of 
the air become heavier and prepon- 
derate. If the flafk holds a quart, it 
will be found that the weight of the air 
jt now contains is about feventeen grains 
above what it was when quite empty, fo 
that a quart of air weighed upon an 

average 
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average in the open air, is about feven~ 
teen grains. 


Now, if a fingle quart of air weighs 
fo much, what would not a pillar of air 
weigh, the bafe of which refts upon 
earth, and whofe top reaches feveral 
miles above the clouds. The weight of 
this pillar muft furely be great! The 
weight of fuch a pillar, how extraordi- 
nary foever it may feem, can be deter- 


mined with the niceft precifion. We. 


mentioned juft now with what extreme 
weight fuch a pillar refted upon the back 
of the hand which had no air under it to 
keep it up, or balance the weight above 
it of the air, but we cannot precifely tell 
how great that force is as yet. Let us 
go a little farther then, and fee with 
what weight this high pillar of air would 
prefs upon the furface of a tub of quick- 
filver. Let us fuppofe a long glafs tube 
exhautted of all air, and ftopped clofe at 
the top, to be plunged at the other end 
into it. It is evident that the air ‘will 

prefs 
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prefs upon the furface of the quick- 
filver without ; and if there were air in 
she tube, it would prefs up the furface of 
the quickfilver within the tube alfo: but 
there is no air at all, as was faid, within 
the tube, for that was exhaufted before the 
experiment; fo that in fhort all the air 
will prefs upon the quickfilver on the out- 
fide of the tube, and none upon that 
within. ‘The air, therefore, as it has 
great weight, will prefs the external fur- 
face of the quickfilver all over, and 
drive it up into the hollow of the tube, 
where there is no preffure from air at all. 
As if I preffed down the palm of my 
hand upon water, the water would rife 
up between the interftices of my fingers 
where the preffure was leaft : By means 
of this preffure of the heavy air upon 
the quickfilver, the quickfilver will be 
driven up into the tube, and rife in it, if 
the tube be long enough, about twenty- 
nine inches and an half high. 


THUs 
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THus then the air preffes down with 
a weight capable of making quickfilver 
rife to twenty-nine inches and a half. 
A pillar of air therefore that reaches to 
the air’s greateft height, is juft as heavy 
as a pillar of quickfilver of the fame 
diameter that meafures exactly twenty- 
nine inches and an half. For the weight 
of the air prefling down muft be juft 
exactly equal to the weight of the quick- 
filver that is preffed up. When one body 


raifes another to its higheft pitch, and 


can raife it no more, the body raifed then 
equals the body raifing. We may there- 
tore boldly conclude, that a pillar of air 
which reaches from the top of the atmo- 
{phere, weighs juft as much as a pillar 
of quickfilver twenty-nine inches and an 
half high. The weight of fuch a pillar 
we can eafily eftimate, and confequently 
meafure the weight of the atmofphere; 
but firft let us mention another cafe 
fimilar to this of the quickfilver, which 
is, water. 


18 
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Ir by any means we exhauft all the 
air from a veffel more than thirty-two 
feet high, and ftopping one end, fet the 
other in water, the water will rife thirty- 
two feet within the veffel and no higher, 
for the weight of the air will prefs upon 
the furface of the external water as it 
did before upon the furface of the quick- 
filver, and prefs up the one as well as 
the other with all its weight. A pillar 
of water of thirty-two feet high juft 
weighs equally with a pillar of quick- 
filver twenty-nine inches; the air there- 
fore prefles up that thirty-two feet, as it 
prefled up this twenty-nine inches. 
The weight therefore of a pillar of the 
atmofphere is equal to either a pillar of 
quickfilver twenty-nine inches high, or 
to a pillar of water thirty-two feet high; 
it is equal tocither, for they are equal te 
each other. 


I fhall mention an obvious experiment 
to this purpofe, which the ftudent can 
put into practice without any apparatus 

| whie 
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while at tea. Some water being poured 
into a faucer, let him burn a bit of paper 
in a tea-cup, which will drive the air 
out, and make a vacuum in the cup, 
Then while the paper is yet burning, let 
him turn it down paper and all into the 
faucer, and the air without will prefs 
the water up from the faucer into the 
cup. The water will ftand within the 
cup in a column, and if the cup were 
thirty-two feet high, and the air within 
it perfectly exhaufted, the water would 
rife fo high in it; as we have faid before. 


Ir what has been faid is well under- 
ftood, the ftudent will be at no lofs to 
account for the rifing of water in pumps, 
or the ftanding of the quickfilver in the 
barometcr. 


A pump is a machine of fo much 
utility, that its conftruction muft’ be 
decribed before we proceed. It is ufed 
as we all know for raifing water from 


deep wells, and thus faving the labour 
. of 


Experimental Pbilofophy. 63 
of winding it up with buckets, or going 
down into the well ourfelves to raife it. 
The whole machine is formed upon this 
principle, that the air will prefs up a 
column of water thirty-two feet high 
into a tube or pipe in which there is no 


air. The air is drawn out of the tube 


by a pifton or fucker, and the water fol- 
lows it. The tube A BI (See Fig. 48.) 
which we will fuppofe is made of glafs, 
reprefents the pump, or pump-ftick, as 
it is vulgarly called. In this there is a 
pifton D d G, which we can puth up and 


down like the handle of a fyringe, ora | 


churn. This pifton is leathered round 
at G fo as to fit the bore exactly, with- 
out fuffering any air to come between it 
and the tube or pump-ftick. Now then 
hold the machine thus conftructed up- 
right in the veffel of water K, the water 
being deep enough to rife at leaft as high 
as from A toL. The valve a is fixed 
within the moveable pifton G, and the 
valve 4 on the fixed box H, which quite 
fills the bore of the pipe or barrel at H. 

| Thefe 
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Thefe valves are fo made as to let all the 
water come upward, but to fuffer none 
of it to pafs downwatd, for the mort 
the water preffes Back, the clofer they 


fhut. Now then the work begins : by. 


the handle E the pifton which was firft 
at B is drawn up to C, and this will make 
room for the air in the pump below the 
pifton to dilate itfelf, and therefore it 
will have lefs weight than the air on thé 
outfide of the pump barrel, and the out- 
fide air will thetefore prefs up the water 
into the tube in proportidn to the excefs 
of its weight. Therefore at the firft lift 
of the pifton the outward air will prefs 
up the water through the notched foot 
A, into the lower pipe about as far as 
e. This will contract the tarefied air in 
the pipe between e and C into a {maller 
compafs, and thus it will become as 
heavy as it was in the beginning. As 
its weight or rather {pring therefore be- 
comes as great as that of the outward 
air, the outward air can prefs the water 


at this time no higher than e, and the 
valve 
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valve b, which was taifed a little by 
the air’s rifing through it, will again fall 
back and ftop the hole in the box H, the 
furface of the water ftanding at ¢. - Then 
the pifton is depreffed from C to B, and 
as the air in the part B cannot get back 
again through the valve J, it will, as 
the pifton defcends, raife the valve a, and 
fo make its way through the upper part 
of the barrel d into the openair. But 
upon raifing the pifton G a fecond time, 
the air between it and the water, in the 
lower pipe at ¢, will be again left at 
liberty to fill a larger fpace, and {fo its 
weight being thus diminifhed | again, 
the preffure of the outward air on the 
water in the veffel K will force more 
water up into the lower pipe from ¢ to 
Jj; and when the piflon is at its greateft 
height C, the lower valve 4 will fall back, 
and ftop the hole in the box H, as be- 
fore. At the third lifting up of the 
pifton, the water will rife through the 
box H towards B, and then the valve 4, 
which was raifed by it, will fall back when 
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the pifton G is at its greateft height. 
Upon depreffing the pifton the third 
time, the water cannot be pufhed back 
through the valve 6, which keeps clofe 
upon the bole whilft the pifton defcends. 
Upon raifing the pifton the fourth time, 
the outward preffure of the air will force 
the water up through H, where 1t will 
raife the valve, and follow the pifton to 
C. Upon the next depreffion of the pi- 
fton, ,it will force down into the water 
in the barrel B, and as the water cannot 
bedriven back through the valve 6 now 
clofe, it will raife the valve a in the pifton 
as this is driven down, and it will alfo be 
lifted up with the pifton when that is. 
raifed next; for the valve @ will not 
permit it to go back again. And now 
the whole fpace below the pifton being 
full of water, as it is alternately ratfed 
and depreffed, the water will rife through 
its valve, but cannot defcend by it; for | 
it clofes the firmer the more the water 
pufhes_ back. Therefore, as the pifton 
continues to work, frefh water will con 
} unually 
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tinually get up through it, ‘and none | 
getting down, it muft neceffarily run 
out at top through the pipe F. And 
thus, by continuing to raife and deprefs 
the pifton, more water ftill will be 
raifed, which getting over the pipe F 
into the wide top I, will fupply the pipe, 
and make it run with an uninterrupted 
ftream. So then at every time the pifton 
is raifed, the valve 4 rifes, and the valve 
a falls; and at every time the pifton is 
deprefiled, the valve 4 falls, and the valve 
a rifes. By this contrivance it is, that 
water is raifed in our ufual pumps (for 
there are other kinds of pumps which we 
fhall examine at another time) and if the 
exhaufted tube in which it rifes be thirty- 
two feet high, the water will afcend to 
that height, and nohigher; for the air on 
the outward furface of the water can 
prefs it down only with a weight equal 
to a pillar of water thirty-two feet high. 


WHAT we have now feén with re- 
gard to pumps, we may every day fee 
F2 prac- 
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practifed in a fmaller degree by the com- 
mon fyringe. If one of its ends be put 
into water, and the pifton be drawn up, 
this will make a fpace void of air, and 
the water will be preffed up into the void, 
and thus fill the fyringe. 


~ ‘WHEN children fuck at the breaft, it 
is by a natural mechanifm fomewhat re- 
fembling that of the fyringe; for the 
child fwallows the air in his mouth, 
then ftops its entrance into the mouth 


by the noftrils, and then fqueezes the , 


nipple between his lips, fo that no air 
can come that way. Thus there is a 
void inthe mouth, and the external air 
prefling upon the mother’s breaft, 
{queezes the milk into the infant’s 
mouth, and by this means it finds the 
nourifhment proper for its fupport. 


- CupPrInG-GLasses may be explained 
upon the fame principle. That part of 
the body under the mouth of the glafs 
has no preflure of air upon it; for the 

air 
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air was driven out of the glafs by heat, 
before the glafs was applied. The hu- 
mours of the body are pufhed to that 
place where they find leaft refiftance, 


ALL thefe appearances in nature are 


performed, as was faid, by the weight of 
the air prefling the fluids into places 
where there was no air, nor any other 
refiftance. But though thefe truths are 
now as obvious as they are aftonifhing, 
yet for many ages the caufes of the af- 
cending of water in pumps was utterly 
unknown. Philofophers were content 
with thinking after Ariftotle, and his opi- 
nion was, that nature hated a void or 
empty fpace, and therefore made all pof- 
fible efforts to fill it when the art of man 
had made one. All this may be very 
true; but we want to know, why na- 
ture hates this void? And here their 
philofophy was puzzled. Torricelli 
was the firft. who undertook to ex- 
plain, as we have feen, why nature made 
hafte to fill upthis void. An accidental 
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experiment put him intothe right road ta- 
wards thedifcovery. Having filled ’a tube, 
which was ftopt at one end, with quick- 
filver, and then fixed this tube with its 
open end in a tub filled with the fame: 
the quickfilver in the tube did not all 
defcend into the tub, but ftood in the tube 
at the height of twenty-nine inches and 
an half, This experiment was foon com- 
municated to the learned of Europe: the 
genius of the times all over Europe was 
then employed in queft of new adven- 
tures; Boyle, Pafchal, and Riccioli, fet 
themfelves to confider this new phe- 
nomenon; and this led them to the 
following conclufions. Water rifes in a 
void thirty-two feet high, as we have 
for ages feen in pumps; quickfilver 
ftands twenty-nine inches high, as we fee 
in this new experiment; a pillar of the 
one weighs exactly as much aa a pillar 
of the other; the afcent of both there- 
fore muft be afcribed to one and the fame 
¢aufe. And why may not this caufe be 
owing to the preffure of a pillar of air ? 

—_ . And 
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And if the preffure of this pillar of air 
‘were taken away, would the quick- 
filver then ftand in the tube? Let the 
Torricellian tube, veffel; quickfilver, and 
all, be placed under the glafs of the air 
pump, and let the weight of the air be 
taken away from the quickfilver, It will 
then be found to ftand no longer fufpend- 
ed in the tube, but will fink down to 
the fame level with the reft of the quick- 
filver in the veffel in whichitis placed. This 
was enough, and indeed fully fufficient 
to convince them, they purfued the track 
of light as it led, and at length they de- 
duced a theory of the air equally clear 
and convincing. 


WE mortals, who are upon the furface 
of the earth, faid they, refemble fifhes at 
the bottom of the ocean: like them we are 
envelopedin afluid of air, which rifes far 
above our heads, an ocean of atmofphere, 
which while on earth we cannot quit. 
This atmofphere furrounds our whole 
earth for fome miles high, enveloping the 

F 4 earth 
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earth on every fide. Let us fuppofe the 
tops of the higheft mountains thrufting 
up their heads through this great fluid, 
like rocks in the ocean that almoft rife 
to, but’ not quite fo high as the fur- 
face. As the parts of this ambient 
atmofphere are all heavy, they prefs 
down one upon another, and _ thofe 


. parts that are loweft will fuffer the great- 


eft preffure, as they have the greateft 
number of parts above prefling them 
down. The lower vallies will, therefore, 
fuffer greater preffure from the atmo- 
{phere than the higher mountains, Let 
then the Torricellign tube be brought 
into a low valley: here the preffure up- 
on the quickfilver will be greateft, and 


' at will rife above twenty-nine inches and 


an half. Let it be now brought up to the 
top of an high mountain: here the pref- 
{ure will be leaft, and it will fink down 
proportionably. On the fummit of Snow- 
don-hill, Dr. Halley found the baro- 
meter above three degrees lower than at 


the bottom. On the fummit of an Al- 


pine 
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pine mountain, the Abbé Nollet found it 
a quarter lefs high than on the plains of 
Piedmont. . Thus therefore the tube of 


‘Torricelli, by the quickfilver rifing or 


falling; will ferve very exactly to mea~ 
fure the weight of the air. 


As the quickfilver in the tube fome- 
times in the fame place ftands an inch or 
two higher, and fometimes feveral inches 
lower, than twenty-nine inches and an 
half, it is very plain, that the air is fome- 
times heavier and fometimes lighter: 
that when heavier, it preffes up the 
quickfilver above twenty-nine inches; 
when lighter, the quickfilver fuffering 
lefs preffure rifes not fo high. 


_ THE tube therefore will exactly de- 
termine thefe variations, and its heights 
will alter with every change. This in- 
ftrument was firft called the Torricellian 
Tube; but being now made ufe of for 
meafuring the alterations and weight of 
the air, it is called the Barometer, or 
| Weather- 
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_ Weather-glafs. The fimpleft and pere 
haps the beft method of making the ba- 
rometer is thus: a glafs tube, of about 
thirty-five inches, hermetically fealed at 
one end, 1s to be filled with quickfilver. 
Hermetically fealing a glafs is no more 
than holding the end in the flame of a 
candle, or fire, until the glafs foftens, 
and then twifting it round, fo as quite 
to clofe up the orifice, and filled with 
quickfilver well purged of its air, which 
it may be by boiling the quickfilver in 
water. The finger being then placed on 
the open end, this end is fet into a bafon 
of the fame prepared mercury. Then 
upon removing the finger, the mercury 
in the bafon will join with that in 
the tube, and that in the tube will fink 
down to about twenty-nine inches 
and an half, one time with another. 
Inftead of a bafon at the bottom, the 
Jower end is ufually turned up, and 
dilated into a fort of cup, containing 
a quantity of quickfilver ; upon which 
the air prefles, and fo drives it up along 
| the 
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the bend of the tube to the ufual height. 
This tube thus fitted and filled is then 
faftened to a board, which has the inches 


_ marked upon it; and towards the top 


thofe inches are divided into their parta, 
in order to.meafure the rifing and falling 
of the quickfilver more precifely. (Nollet, 
fig. 25, vol. II. plate 5.) 


IT is no eafy matter to make a baro- 


meter which hall vary with the minuteft 


variations of the weather, for there are fe- 
veral requifites which muft be attended to 
for this purpofe. ‘Thetube muft, in the 
firft place, be of an equal bore from top to 


_ bottom, which few glafs tubes are found to 
be. The mercury muft be perfeQly free 


from ais,which it feldom is. The tube muft 
be no wider in warm weather than in 
cold, which is impoflible. .Thefe and 
fome other inconveniencies have induced 
artifts to try other methods of making 
barometers: they have employed diffe- 
rent fluids, fuch as fpirit. of wine, water, 


oil, 
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oil, and fuch like : the fimple barometer, 
however, feems to be moft in efteem ftill. — 


AN inftrument contrived in this man- 
ner will pretty nearly ferve to meafure 
the weight of the atmofphere; it will not 
precifely meafure its weight, becaufe it i8 
affected alfo by another property of the 
air, namely, its elafticity or fpring, as 
we fhall fee in its proper place. By this 
inftrument we learn, that the air is chang 
ing its weight continually, being fome- 
times more heavy, fometimes more light ; 
but upon an average, its weight (and {pring 
together) are able to prefs up a pillar of 
quickfilver twenty-nine inches and an 
half high, or a pillar of water thirty- 
three feet high. 


THE atmofphere thus preffing down 
upon the furface of the earth envelopes 
all the bodies upon its furface,and preffes 
them together. The whole earth may 
be confidered to fuffer as great a pref- 

fure 
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fure from the atmofphere, as if it were 
prefled on every fide by water thirty- 
three feet deep; and all that are upon — 
the earth’s furface are as much prefled 
on every fide as we would be, if inftead 
of an airy atmofphere we had an atmo- 
fphere of water, like fifhes, thirty-three 
feet above our heads. The weight of 
fuch an atmofphere of water can be eafily 
calculated. A cubic foot of -water we 
will fuppofe to weigh 60 pounds, 33 
feet will weigh 33 times 60, that is 1g80 
pounds. Suppofe a middle-fized man 
has a furface of about 14 feet fquare, he 
will fuftain 14 times 1980 pounds of 
water, that is 27,720 pounds. If a man 
fuftains fo much, who is but 14 feet 
fquare, how much weight of atmofphere 
will not the whole earth fuftain, which 
hath a furface of more than two millions 
of fquare miles? The ftudent with his — 
multiplication table can readily anfwer 
the queftion. Thus, whether the earth 
fuftains a weight of water thirty-three 
feet high, or an airy atmofphere equal 

In 
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in weight, the difference is nothing, i¢ 
will be equally prefled by both. Thus, in 
the atmofphere in which we move-«with 
fo much freedom, and which we traverfe 
with fo much rapidity, we are preffed 
on all fides with an almoft incre- 
dible weight, and our bodies feldom fup- 
port lefs than twelve ton of air at a 
time. 


So gfeat a preflure of air upon his 
body may well furprife the ignorant, and 
fhake his belief; but he muft confider, 
that this weight of air he has carried 
from his earlieft infancy. Senfations to 
which we have been always accuftomed, 
are fcarce felt: we cannot perceive the 
difference of things, when we have no 
ftandard by which to meafure their vari- 
ations; we cannot perceive the weight 
of the air, becaufe we have always felt 
its weight, and cannot remove from its 
preffure. No one part of the body can 
be difturbed by its preffure, for it lays 
the load equally upon all. Befides this, 

there 
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there is air within the body, which ferves 
to counterbalance that from without; 
and there is another confideration alfo, 
which naturalifts have paffed over unno- 
ticed. The heat of our bodies rarifies 
the air on their furface; fo that in fa& an 
animal doth not fuftain fo greata preflure: 
from the air as cold inanimate fubftances 
are found to fuftain. In fhort, toufe the 
words of Borelli, fince by the air’s pref- 
fure none of the parts of our bodies can 
fuffer either feparation, or luxation, or 
contufion, nor any other change, it is im- 
pofible that this preflure can produce 
. any pain. 


THis preflure then can do no injury 
to the animal frame, we find it by: 
experience of infinite utility. By it the 
parts of our bodies are kept compactly 
together, by it the fluids in our veffels 
are prevented from burfting their ca- 
nals. Travellers, in afcending high 
mountains, feel the want of this preflure, 
to which they were accuftomed in the 

valley: 
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valley : as they afcend, they perceive atotal 
Jaffitude upon them from the dilatation of 
their veffels, and atlaft the blood begins to 
burft through the fine coats of the lungs, 
and they {pit blood. The fame thing 18 
feen in other animals under the glafs re- 
ceiver of an air-pump: in proportion as 
the air is exhaufted, they pant, fwell, vo- 
mit, {weat, and generally are unable to 
retain their abdominal contents. 


Nor is the preffure of the atmofphére 
lefs ferviceable in forcing the parts 
which fly from bodies upon our fenfe 
either of tafting or {melling. The air in 
a manner forces them down by prefiure 
upon the nerves that ferve thofe fenfes: 
for this reafon it is, that upon the tops 
of the higheft mountains, (the Peak of 
Teneriff, for inftance) the fubftances 
which have the ftrongeft and moft pun- - 
gent tafte, fuch as pepper, ginger, falt, 
and {pirit of wine, are there almoft infi- 
pid: there perfumes lofe their odour, 


and affafoetida its fcent. This arifes from 
c the 


Experimental Philofophy. Sr 


the want of a fufficient agent to imprefs 
the {mall parts of thofe bodies, that aré 
continually flying off, either upon the ol- 
faftory nerves, or on thofe of the tongue. 


THE preflute of the atmofphere is 
alfo equally ferviceable to the vegetable 
- world. By it the juices in the tubular 
parts of vegetables are prevented from 
burfting their channels,and a proper quan- 
tity of air is preffed into them, and thus 
ferves to carry on that continual flow 
of fap through all their parts, by 
which means they vegetate. If this pref- 
fure is taken away, plants no longer 
vegetate :.the moft thriving flower, when 
conveyed under an air-pump, quickly 
withers and fades) the air within expand- 
ing. efcapes through the pores of the 
plant, and leaves its juices deprived of 
the agent that helps to drive them for~ 
ward. . 


In the inorganized parts of nature this 


preflure too is entirely neceffary; for it 
Vou. II. G 18 
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is owing to this preflure that many bodies 
mix with each other, which they would 
not doin a void. ‘Fhus liquids, fuch as 
oils and falts,; which mix readily of them~ 
felvesin the open air, will not, when placed 
in. an air pump, unite with all the art of 
man. In confequence alfo of this prefluse, 
and of the air’s fluidity, it is that the ace 
tion of fire is dire€ted from one bedy up- 
on another, and becomes efacacious. Thug 
fire in the open air may be applied to 
wood, and the fire will effectually burn 
it; but when the fame is applied in the 
exhaufted air-pump, the flame will ne 
longer operate upon the wood, for there 
ie then no longer an. agent which can 
prefs its parts upon the fubftancs which 
it ia fet to confume. Fhe fame thing wilt 
happen if we attempt to diflolze gold in 
- aqua regia. This menftruum ceafes to 
a upon the metal. as foon as the air is 
pumped away. This property of weight 
in the air alfo produces the winds, as we 
fhall be led fhortly to believe. In fhort, 
the weight of the atmofphere, inftead of 
. | being 
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being injurious, is our greateft comforter 
and: affiftant: when it ts heavieft, our 
{pirits are found to be lighteft ; when by 
prefiing down it drives up the quick- 
filver in the weather-glafs to its greateft 
herght, it is then we feel ourfelves invi- 
gorated and enlivened. The weather- 
glafe fhews us, that in fine weather the at- 
mofpheté is thén always the moft heavy ; 
and yet there aré few who do not find 
themfelvés on fuch occafions more alert 


than in dull weather, when the {mall - 


prefflure the quickfilver fuftains evinces 
that the atmofphere is thén moft light. 
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CHAP. VL 
Of the Elafticity or Spring of the Air. 


N the laft chapter we only made men- 

tion of the weight of the air, and of 
the effects of its preflure; but this pref- 
fure is increafed by another caufe, I mean 
the air’s fpring or elafticity. We ex- 
plained feveral appearances in nature 
that refulted from its preffure ; but thefe 
appearances were not entirely caufed by 
preffure alone, for the air’s elafticity con- 
{pired with its weight to work thefe ef- 
fects: by the affiftance of this property, 
water rifes in pumps, and ftands in the 
barometer. 


By the elafticity of the air is meant 
that property, which this fluid has pecu- 
liar only to itfelf, of yielding to preffure 
on every fide, and then upon the pref- 
fure’s being taken away, {pringing out to 
its former dimenfions. Water, which is 

6 a fluid, 
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a fluid, can fcarcely be preffed into a 
{maller compafs by all the art of man; 
nor can - quickfilver be compreffed : 
fteam, which is a fluid, may be compref- 
fed into a fmaller {pace, indeed ; but then. 
we deftroy its properties : it turns to wa- 
ter, and therefore cannot recover its for- 
mer dimentfions: Air is the only fluid we 


know that can be preffed into a fmaller — . 


fpace than that in which it was contained: 
before, and which, when the force is re- 
moved, recovers its former dimenfions. 
Thus the air, for inftance, which fills a 
bladder, might be preffed into the {pace 
of a nut-fhell. And as the air may be 
thus compreffed into a fmaller fpace, fo. 
it can be dilated to fill a larger: the air 
that fills a bladder, if fuffered to expand, 


would diffufe itfelf equally, and fill a 
- whole houfe. 


_ INFINITE are the proofs which may 

be brought to prove this elaftic fpring in 

the air. A bladder, when blown, may’ - 

be preffed in by the finger; but the air, 
G 


3 upon 
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upon the removal of the preffure, with 
true elaftic force pufhes the part out again, 

If we place this bladder, almolt quite 
empty, in the receiver of the air-pump, 
and then eshauft the air from the re- 
ceiyer, the air within the bladder will 
then exert its power of dilating, the pref- 
fyse of the external air being taken off, 
and the bladder, before flaccid, will now 
appear full, as if juft blowa up by 
the breath. A flaccid bladder, carried up 
to the top of 3 mountain, will exhibit 
the fame appearance; the air without ber 
ing more thig at that height, the air 
within will dilate itfelf. Hf inflead of 
putting an half-empty bladder under the 
air-pump, we fhould put a blown blad- 
der there, when the yoid is made around 
if the farce of the {pring of its internal 
air is too ftrong for the fides, and the 
bladder quickly burfts. If, inftead of a 
bladder, we fhould try the experiment 
ypan, glafs bubbles filled with air, the ef- 
fects would be.the fame: thefe, like the 
bladder, would burft in pieces, 


) 
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Tit1s fhews the air to be elaftic; but 
it alfo fhews, that this elafticity is very 
different from the elafticity of an ivory 
ball, or a coiled watch-fpring, orany fuch 
fubftance, to which the air has been fome- 
times compated. An ivory ball, when 
the preffure, which bent its parts inwards, 
is removed, ftarts eut again to its former 
Gze and fhape: a watch fpring, when 
the preffure that keeps it coiled 1s re- 
moved, flies out to its former length. But 
it is very different with a bladder of air: 
if the preflure is removed from ite fur- 
face, the air contained not only fiarts out 
to fill the fame fpacé it occupied before, 
but ten thoufand times that fpace, if no 
new preflure prevents it from dilating. 


To account for this furprifing force 
of expanfion, of which the air is poffeffed, 
_ has nota litte employed the thoughts of 
the fpeculative. Some have compared the 
air te watch f{prings or hoops, which coiled 
up by preffure, reftore themfelves again. 
Others refembled the air to little flocks 

' G4 of 
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of wool: No niore, faid they, is neceffary, 
if we would produce elaftic air, but to 
feek it in bodies thus difpofed in fpiral 
eircles; and bodies, which are moft.fuf- 
ceptible of this elaftic difpofition,: are 
fuch as will moft eafily furnith air.. And 
for that reafon it is, continue they, that 
liquids cannot be converted into air, be- 


caufe of the roundnefs and fmoothnefs — 


of their parts, 


ALt this, which is obfcure.enough, 
has been juftly controverted by Newton. 
The air’s extreme expanfion to a {pace 
an hundred thoufand times greater than 
what it poffeffed upon preffure, could not 
be accounted for: upon fuch a bungling 
mechanifm as that of a watch f{pring, 
which cannot expand a thoufandth part 
of what we find the air to do. He there- 
fore thinks, that as all bodies have a re- 
pulfive power as well as an: attractive, 
this repulfive power always begins 
to act when the attractive power can 
reach no farther. Now the parts of the 

| air, 
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air, which he fuppofeg to have been folid 
at firft, and which were confequently 
while folid: within the fphere of each 
other’s.attraction, being: in this cafe driven 
afunder by fome external interpofition, 
fuch as fire, or any. other agent, no mat- 
ter what; thefe parts thus feparated lofe 
their attractive and acquire a repulfive 
force. The parts fly from each other, 
expand, and fill a {phere almoft equal to 
the extent of imagination: for, to ufe 
his own words, ‘ Particles (fays he). 
when fhaken off from bodies by heat - 
‘‘ or fermentation, fo foon as they -are- 
* beyond the reach of the attra¢tion of . 
* the body, recede from it, and alfofrom - 
‘‘ one another, with great ftrength, and 
* keep at a diftance, . fo as fometimes to. 
‘ take up a million times more {pace than 
“they did before in the form ofa denfe 
“body.” This vaft contraction and exe 
panfion feem unintelligible, by feign-- 


ing the particles of air to be fpringy and . 


famous, or rolled up like hoops, or by | 
| (feigning) 
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(feigning) any other means than that of 
a repulfive power. 


As we thus fee the particles of air, 
when the external preffure is removed, 
fly from each other with fuch repulfive 
force, it will be matter of curiofity, and 
of moment alfo, to inquire how great that 
force ts, and how much it is diminithed, 
as the particles of air are lefs preffed to- 
gether. In the firft place, then, Boyle 
and Mariotte have found by experiment, 
that the lefs forctbly they preffed the par- 
ticles of air tegether, the lefs violently 
did the. particles of air repel each other; 
and fo,‘on the contrary, the more vio- 
lentty they preffed a body of air, the 
more forcibly did the air refift their pref- 
fare, the repelting power of its particles 
becoming greater the nearer they were 
drrven to each other. Thus, for inftance, 
fuppofe a gallon of common air were 
to be preffed into a fmaller compafs, if | 
a preffure efone hundred pound fqueezed 
this 
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this air into a pottle, it would require the 
preflure of two hundred pounds to 
{queeze it into a quart, the preflure of 
four hundred pounds to fqueeze it unto a 
pint, and {fo on. But another experiment 
will lead us ftill farther, and thew, that 
the force with which it expands is always 
equal to the force which prefles at. Let 
us fuppofe an upright tube thirty inches 
long, its lower end plunged into a bottle 
half fled with quickfilver, the mouth of 
the battle clofed faft round it, and the 
tube open at top. Lat us next imagine 
a glafe receiver, by fowe contrivance made 
tall enowgh to cover this tube, bottle 
and all, and let the receiver ‘be then ex- 
hauSed of all iss ais. The siz in the 
infidebotsle, however, eannot be exhault- 
ed, for it eaanot efcapes the snouth is 
clofedl faft round the tube, and therefare 
i¢ mutt prefs. upon the quickfilver bencathy 
"This it will de, and push it snto the tube, 
whofe end was plunged into it, and the 
air, Rill continuing to prefs thé quick- 
filer, will at lepgth prets it,. merely. by 

| 3ts 
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its {pring or elafticity, as high as it would 
actually rife in the barometer, by the 
weight of .a pillar of air reaching to the 
top of the atmofphere. The air’s elaf- 
ticity;*therefore, muft be equal to the 
weight ; and whatever be the weight or 
preffure ‘upon’ any- part of the air, - its 
elafticity muft be equal to it. , 


| FRoM hence then we fee, that what- 
ever effets are wrought by the weight of 
the atmofphere in preffing up quick~ 
filver into the barometer,: or into pumps, 
the {pring or elafticity of the air’is able 
to perform the: fame. Yet we are not 
for this reafon to difcard the weight of 
the atmofphere, -and -confider it. as no 
way neceflary in producing thefe effects :: 
an opinion fome have actually embraced. 
By no means: it 1s the weight of the air: 
that gives it its great elafticity; take 
away the weight, and the elaftic. force 
ceafes. On the tops of mountains, where 
this weight is lefs, the air is lefs elaftic. 
alfo;-and it:‘preffes up quickfilver above- 

three 
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three inches fhort of what itis found to 
do in the valley. 


Boy Le was of opinion, that the air, 
at the furface of the earth, was preffed 
into almoft fourteen thoufand times as 
much lefs fpace as it would dilate to by 
virtue of its own elafticity. 


Many authors have taken pains to 
calculate into how wide a {phere its par- 
ticles would diffufe themfelves, if fuf- 
fered to expand at freedom. This in- 
quiry is fubje& to many difficulties ; for 
to know how much the air would dilate 
itfelf, we muft confider it as purged from 
thofe heterogeneous mixtures, with 
which we ever find it united. ' Mufchen- 
broek, from fome inconclufive experi- 
ments, {uppofes that the air at the fur- 
face of our globe might be dilated fo 
much, as to fill a fpace four thoufand 
times as large as that it at prefent ufually 
occupies. Boyle, as I faid, afirms, that 
by means of the air-pump he has rare- 

fied 
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fed contmon air fo as to fill near four 
teen thoufand times the fpace which i¢ 
occupied before ; but air condenfed into 
its {fmalleft fpace could fill 90,600 times 
as much fpace as tt did before. In fiiart, 
fo great is this rarefaQtion, which can be 
produced by art, chacforne have fappofed, 
that ifa nut-fhelt filled with az were fuf- 
fered to dilate, it would fill all fpace. 
This, howéver, 1 bot mere fpecu- 
lations 7 


Wet uer air can be infinitely dilated 


er not, we cannot tell; and wherever 


the dofirines of icfinity enter into phi- 
lefopliy, knowledge ceafes, and we talk 
at random, This however ts certmn; 
that die oan be found deprived of its ex- 
panfive elaftie foscé, and! therefore we 
may readily eoneeive 4 point, te which, 
+6 it'dilatés, it ceafes: to-be elaftie. Hrawkt 
bee has thewni us,, that. its parts. ean be fo 
difcompofeds by violent preffore, that it 
eahnot recover its tone till after fome 
time, andi this only by profiling it nsto wa~ 


ter, 


——— = 
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ter, and then obferving how much time 
it took to difengage itfelf. Fontenelle 
affures us, that humidity in fome mea- 
fare deftroys the elafticity of the air for 
a time; but though the teftimony of 
thefe naturalifts may be controverted, 
yet that of Hales muft confirm us in the 
opinion: for he deprived the air of its 
elafticity by the fumes of fulphur, and 
perhaps there are many natural exha- 
lations which produce the fame effe@, 


‘and therefore, when the air arrives at a 


certain height, it may ceafe to expand, 
and fo terminate the furface of our at- 


-mofphere. — 


As the air is thus capable of the moft 
elaftic expanfion, fo is it alfo of being 
preffed into a {mall compafs. How far 
this preflure may reach, or what is the 
{malleft poffible degree to which a cer- 


. tain quantity of air may be reduced, has 


not yet been well afcertained. Halley 
aflures us, from his own experiments, 


‘and thofe of. the academy of Cimento, 


Vout. I. H that 
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that the air may be reduced into a fpace 
eight hundred times lefs than what it 
pofiefled before in common. Halley, 
however, has gone much farther than 
this: by means of freezing it, when 
mixed with water in an iron ball, he re= 
duced the air into a volume eighteen 
hundred times lefs than it had before: fo 
that we fee by this means air was con- 
denfed into a fubftance twice as heavy as 
water, a thing which may excite furprife. 
Upon this fufceptibility of condenfation 
in the air, and its furprifing power of ex- 
panfion, when preflure is removed, has 
the air-gun been contrived: an inftru- 
ment by which balls are fhot off with 
the force even of a cannon, by the 
{pring of the air only, and which, with- 
out making any report, carry the moft 
fure deftru€ion. The common air- 
gun is made of brafs, and has two bar- 
rels. The middle barrel KA (fee fig. 
50.) from which the bullets are fhot, 
and the larger outfide barrel, clofed 
up at the end CD, and in this the 

I a air 
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ait is driven and kept condenfed, by 
means of a fyringe M, which drives the 
air in, but fuffers none to go back. This 
fyringe having beén worked for fome 
time, the air is accumulated in great 
quantities in the external barrel, and 
this:air may be made to ftrike upon the 
ball K by means of the trigger O, which 
pulls back the {piral R; and this fpiral 
opens a valve behind the ball. When 
the valve is open, the air condenfed in 
the outward barrel rufhes in behind the 
ball, and drives it out with great vio- 
lence, fo great, that at twenty-fix yards 
diftance it would drive through an oak 
board half an inch thick. If the valve 
behind K be fhut fuddenly, one charge 
of condenfed air may make feveral dif- 
charges of bullets. The little pellet guns 


.in the hands of children fhew alfo the 
- force and {pring of the air; for one pel- 


let topping the mouth of the gun at one 
end, and another being driven in at the 
oppofite end, the air contained in the 


: bore of the gun between each pellet is 


H 2 con 
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continually condenfing, as the hinder 
pellet is driven towards the foremoft, 
all at laft the {pring becomes {0 great as 
to drive the foremoft pellet forward with 
fome noife and violence. In the large 
air-gun, however, the noife is by no 
means fo great: upon its difcharge no- 
thing is heard but a fort of a ruthing 
wind; and it is very poffible, that what 
we are vulgarly told of fome men killing 
others by loading their piftols with dumb 
powder, might have proceeded from the 
‘filent effects of the air-gun. 


__ Tuts, however, ¥s but an inftrumentof 
curiofity, and fometimes of mifchief > but 
upon the expanfive {pring of theair it is 
‘that the fire-engine has been formed, a 
machine of the utmoft benefit to man- 

Kind in one of the moft terrible fituations. 
| This is ufed for extinguihing fires ; for 


by means of the {pring of the air, which — 


is condenfed within the machine, the 
Water is {purted out through a pipe to an 
height above the top ofan ordinary houfes 
Pate for 
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for. water, as we fhall fee, can be forced 
in a continued ftream not much higher, 
its parts feparating, andthe whole divide 
ing into the {malleft drops. That the mes 
chanifm of the fire-engine, or Newfham’s 
engine, for he was the inventor, may 
be underftood, we muft have recourfe 
to the machine in its fimpleft ftate, 
namely, the forcing pump, as it is 
called. Let us fuppofe a commor 
water-pump, fuch as we have already 
defcribed, DA (fee fig. 51.) raifing its 
water through the box H, upon lifting 
up the pifton D. But the pifton of . 
the forcing pump differs from that of the 
common pump, in having no hole 
through it at d, as the other has: fo 
that it will not permit the water in the 
barrel BC by any means to get above it 
when it is deprefled to B. Therefore 
the water between the pifton g and the 
box Fi can get neither up nor down, 
neither through the pifton as it is not 
perforated, nor back through the box 
H, for the valve there clofes againft it ; 

H 3 but 
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but it has a free paflage fideways by the 
hole mz into the pipe MM, and this 
sway-it goes till it afcends into the air 
veffel KK, up through the pipe at L, 
As it enters at P, there is a valve a, 
which permits it readily to enter, but 
never fuffers any to get back. The wa- 
-ter then being thus forced into the air . 
weflel KK, by repeated ftrokes of the 
pifton, it rifes above the lower end of 
the pipe GHI, and then begins to prefs 
the air in the veffel KK into a narrower 
compaf{s, and thus condenfing i it encreafes 
its {pring. For the air has no way -to 
get out of this veffel, the only open- 
ing it had was through the hole IJ at the 
bottom of the tube, and this is now co- 
-vered up with water. The air there- 
_fore is more and more preffed, the more 
water -is forced into the air veflel, -till at 
length it begins to exert its fpring againft 
-the furface of the water at H. This 
-Spring therefore forces up the water 
. through the pipe IHGF, from whence 
qt {pouts i ina Jet = to a a great height; and 
this 
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this may be continued as long as we chufe 
to work the machine, and there is any wa- 
ter to fupply it. Thisinftrument was in ufe 
in miniature as a thing of mere curiofity 
among naturalifts, tillthe aboveingenious 
and intelligent machinift ‘converted ‘it to 
the moft ufeful purpofes. If we fhould de- 
fire to know, how the water may -be 
driven in one of thefe inftruments,. it is 
obvious, that the more the air in the 
veflel KK is preffed, the more forcibly 
will it be driven through the pipe F. 
If the compreffion be equal to double the 
weight of the atmofphere, the fpout will 
be thirty-three feet high; if the: com- 
preffion be three times greater than the 
weight of the atmofphere, the fpout will 
be (all circumftances the fame) fixty-fix 
feet high; if four times, then ninety- 
nine feet high, and fo on. Thus, by 
encreafing the compreffion, the water will 
{pout higher, and this compreflion will 
be encreafed only by leffening the hole, 
by which the water is to efcape from its 
force, or, in other words, by diminithing 
: H 4 the 
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the diameter of the tube. But of this 
elfewhere, 


THUus powerful is the expanfive force 
of the air; but {till more powerful would 
it be if, by means of fire, we encreafed 
the elafticity of ite parts, or their apti- 
tude to feparate. It is an intontefted 
truth, that heat will expand air to a moft 
furprifing degree, Indeed, heat ferves 
to expand all bodies whatfoever, ‘but by 
no means in fuch great proportion as it 
does air. How heat tomes to have this 
extraordinary power upon air we cannot 
tell: the caufes of many things.we are 
{trangers to, and muft be. contented 
-with knowing the phenomena Heat 
expands the air in an amazing degree, 
and cold, on the contrary, condénfes and 
contrads it. If, in proof of this, I hold 
a bladder half blown near the fire, the 
heat will foon encreafe the élafticity of 
the internal air,’ the bladder will fwell, 
and at laft burft. If I place a glafs 
bubble filled ‘with air in the fire, when 

the 
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the contents begin to rarefy with heat;: 
the bubble will burft with a loud ex~ 
plofion. So great is this expanfton 
caufed in the air by heat, that fome have 
been of opinion, that the air owed its 
expanfive force only to the heat it con- 
tained ; and as ‘was faid in a former chaps 
ter, if the air were deprived of all ‘heat, 
it would quickly be condenfed into a fo« 
lid mafs. However this be, Amontons 
has found, that the heat of boiling water 
encreafed the forge of air at leaft a third 
part greater than it was before. And he 
alfo has proved, that the more denfe theair 
is, the more will an equal degree of heat 
expand it. If, for inftance, a quart of 


-air be condenfed into a pint, an heat 


equal to that of boiling water will ope- 
rate twice more powerfully upon the 
compreffed pint, thah upon thé quart 
that 1s twice lefs comprefled. Thus we fee 
with what force a {mall quantity of air may 
be made to prefs upon the furface of the 
earth, its weight from the height of the 
atmofphere, its elafticity which is equal 

to 
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to that weight, and the entcreafed elafti- 
eity which it may receive from being 
heated. A {mall quantity of air acting 
with thefe three forces conjointly, might 
be able to caufe ‘an: earthquake; but 
whether air thus'expanding be actually 
the caufe of earthquakes, ‘we cannot de- 
termine : it is probable that it ia: not} but 
very poflible that it might be. ° 


_ How great the power of the ais. is, 
though only acting with.twoof thefe 
forces, namely, its natural elafticity, and 
that which it acquires by heat, may be 
feen in the experiment of a clofe veffel, 
which has received the name of Papin’s 
Digefter. The effects of this digefter 
are perhaps fome of the moft -furprifing 
that experimental philofophy 18 ca- 
pable of, exhibiting. The digefter is 
nothing more than.an iron veffel of mo- 
derate thickne{s: into this is put meat, 
bone, hartfhorn, or any other: animal 
fubftance, and then the reft of the vef- 
fel is filled with water. Being thus filled, 
. there 
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there is a cover, which is {crewed down 
clofe upon the mouth of the veffel, fo 
that no air within the veffel can by any 
means efcape, nor any of the exter- 
nal air enter. ‘Then the whole is 
placed over the flame of a lamp, or up- 
on a few embers. In lefs than eight 
minutes time, the fiefh contained will be 


converted entirely into a liquor like 


foup. By encreafing the fire a little 
more, or lengthening the time a few 
minutes longer, the hardeft bones will 
be diffolved down into a jelly. This 


utenfil was firft invented by a philofo- 


pher: it is at prefent chiefly converted 
to very unphilofophical purpofes; for it 
is merely an inftrument of Epicurifm and 
luxury. The French make their foups 
with it, and we have of late brought it 
among ourfelves from the elaboratory .to 
the larder, When weconfider the force 
which the air muft exert in thus bruif- 
ing down, if I may fo fay, the hardeft 
bones in a few minutes into an impal- 
pable jelly, it may well excite our fur- 

prife, 
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grife. The heavieft hammer of an iron- 
work could not da it the fortieth part fo 
foon. This inftrument, as we faid, is 
called a Digefter, for it was brought by 
Papin to explain the manner in which 
our food was digefted in the ftomach, 
which he compared to this machine, He 
found, that in four and twenty hours an 
heat equal to that of the human body 
would diflolve the hardeft bones in his 
digefter, and he therefore fuppofed, that 
the heat in the ftomach rarefying the 
air which was contained in the food, 
wrought the fame change upon it, and 
diffolved what we eat into a fort of jelly, 
which is called chyle. A fingle objec- 
tion deftroyed this whole theory. Fifhes 
have no heat in their ftomachs, but yet 
digeft very quickly. This therefore, like 
feveral former opinions, was foon aban- 
doned. Boerhaave, finding any one of the 
former opinions unequal to the expla- 
nation of the work of digeftion, pru- 
dently united them all: a method the 

_ fitedt, 
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fitteft, if not of fatisfying curiofity, at 
leaft of concealing ignorance. 


WHEN we confider this power, which 
heat has of rarefying the air, we cannot 
be fo much furprifed at the conftant 
changes of weight and elafticity, towhich 
we find it liable ; for, fetting afide the 
approach of the fun, the earth 1s conti- 
nually fending up hot exhalations, which 
tend to rarefy the air in fome places 
more than in others. Thefe changes 
‘of the air is what, in fome meafure, car- 

‘ries on the work of vegetation. Letuson- 
ly conceive the air as clofely enveloping 
the growing plant, and by its elafticity 
infinuating itfelf continually into its 
pores. Its continual dilatation and con~ 

tration will therefore take place upon 
entering the {mall veffels of the plant; 
for as its denfity is never found in na- 
ture two minutes together the fame, it 
will be varying within the plant juft as it 
was before its entrance. Thus in every 
plant there is a continual vibration of 
parts, 


\ 


—_ — a wy, —- *e <m 


ft 


1080 f# SuRvVeEy of — 

parts, the air contrafting and dilating 
with the minuteft variations of heat and 
cold. And thus it is that the juices are 
- driven forward through their channels, 
and the whole work of vegetation is 


carried regularly on. And hence alfo 


it is, that plants will not vegetate ‘in the 
void. Ihave often feen in a clear fun- 
fhiny day all the objects of nature as 
if trembling before my eyes. This is 
ufually afcribed to the rifing of vapours ; 
perhaps with more probability it may 
be attributed to this alternate expanfion 
and contraction of the air. This undu- 
lation is very manifeft in the {piracles of 
many plants viewed with the microfcope. 
Wefind a fimilar undulation in the parts of 
light. From analogy we may afcribe fuch 
fimilar motion to the alternate expanfion 
and contraction of the air. At the worft, 
if it be an error, the error is but {mall, 
for the enquiry is of little importance. 
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CHAP. VII. 
Of the Atmofphere and its Height. | 


E have feen the manner in which 

the air fufpends quickfilver in 

the empty tube tothe height of about 
twenty-nine inches, and water to the 
height of about thirty-two feet: the 
quickfilver or water, however, as we faid, 
does not always rife to the fame height : 
the quickfilver, for inftance, alters fo as 
to be three inches lower, or three inches 
higher, at one time than at another. So 
that in the barometer or weather-glafs 
there is a variation of three inches at 
‘leaft between its higheft and its loweft 
fufpenfion, Thefe changes, as we alfo 
obferved, muft be afcribed to the alte- 
ration of the weight of the air, fome- 
times prefling the external quickfilver 
with greater, fometimes with leffer force. 
If the quickfilver always ftood at the 
fame height, that is, exactly at twenty» 
nine 
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nine inches, the weight of a pillar of the 
atmofphere would be concluded jo be 
invariable ; and, as we fhewed before, 
would be equal to a pillar of quickfilver 
twenty-nine inches high, and it would 


weigh above thirty thoufand pounds; but . 
‘as the barometer is continually altering, it 


is plain the-weight of the atmofphere is 
altering alfo, infomuch that it is near 
one tenth more heavy at one time than 
at another. For fuppofe, when the air 
is lighteft, we at one time fuflain a 


weight equal to a pillar of quickfilver 


twenty-eight inches high, it is obvious 
that when, at another time, this pillar 
is encreafed by three inches of quickiil- 


-yer more, this will make our load near 


one tenth part more ; or, inother words, 


-ifwe at one time fuftain a pillar of air 
equal in weight to twenty-eight of thefe 


inches, which in round numbers is near 


. thirty thoufand pound, we fhall at an- 


other time, when the air is heavieft, be 
loaded with a pillar of air equal to thirty- 


_ oneinches of quickfilver, which will add 


to 
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to our load of thirty thoufand pound, 


hear one tenth, that is, make it thirty- 
three thoufand pound. 


Sucu is the difference of weight, 
which we infenfibly fuftain at one time 
more thanat another. Of the encreafe of 
this preflure other animals feem much 
more fenfible than we: crows, for in- 
ftance, as the poet has remarked, by their 
cawing furely foretel a change of wea- 
ther: their more poignant fenfations dif- 
cover the approaching alteration, which 
perhaps the luxury, and artificial heats, 
to which we have accuftomed ourfelves, 
have deprived us of. Certain it is, that 
in fome parts of India, where the Joquefe 
priefts never eat animal food, nor ever 
enter houfes, their fenfations of ap- 
proaching change in the weather are faid 
to be exquifite: they feel its weight, 
and their {mell difcovers its alterations. 
It is common among them, when de- 
{cribing the beauties of a place, to rank 

Vou. IL. tI among 
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among the number the exquifite tafe of 
its air. 


WE have already obferved, that the 
greatnefs of the atmofphere’s weight did 
not affe& us with a fenfeof any oppreffion, 
and we may remark the fame with re- 
gard to the encreafe of this weight. Na- 
ture hath wifely armed us againft this 
change, and in proportion as the atmo- 
fphere is laid upon us with additional 
oppreffion, the heart beats quicker againft 
it, and drives the compreffed fluids of 
the body with greater force. Why the 
heart thus bounds more ftrongly when 
the weight of the atmofphere is greateft, 
we can but obfcurely tell: it is an en- 
quiry rather belonging to the medical 
phyfiologift, than to the natural ‘philofo- 
pher. To whomfoever it belongs, the 
inveftigation is abftrufe, and the folution 
dificult, 


As we know with ihine precifion the 
weight af our atmofphere, fo fome phi- 


= | lofophers 
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lofophers have purfued fpeculation, and 
attempted to difeover its height alfo. 
Geometricians love to purfue a fubje& 
where calculation is all that is neceflary ; 
for this reafon we have had many 
folutions of this queftion, and all dif- 
ferent from each other. 


Ir the aif was not elaftic, but 
throughout of the fame denfity from thé 
-furface of the earth to the top of the at-: 
mofphere, like water, which is equally 
denfe at every height, it would then be 
an eafy tafk to meafure the height of the 
_atmofphere. We might then proceed 
certainly and fafely thus. We have only 
to find out the proportion between the 
height of a fhort pillar of air, ahd a fmall 
pillar of water of equal weight; and 
having compared the propottion the 
heights of thefe bear to each other in the 
{mal], the fame proportion will be {ure to 
hold in the great, between a pillar of wa~ 
ter thirty-two feet high, and a pillar of 
air that reaches to the top of the atmo- 

_ la _ {fphere, 
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fphere, whofe height I want to know. 
Thus, for inftance, we find that a certain 
weight of water reaches one inch high, 


and a fimilar weight of air reaches feven- .. 


ty-two feet high: this then is the pro- 
portion two fuch pillars bear to each 
other in the {mall. Now, if one inch 
of water be equal to feventy-two feet 
of air, to how much air will thirty-. 
two feet of water be equal. By the 
common rule of proportion, I rea- 
dily find, that thirty-two feet, or 38% 
inches of water, will be equal to 331,776 
inches, which makes fomething more 
than five miles, which would be the 
height of the atmofphere, were its den- 
fity every where the fame as at the 
earth, where feventy-two feet of air 
were equal to one inch of water. 


BuT this is not really the cafe ; for the 
air's denfity, as we fhewed before, is not 
every where the fame, but decreafes as 
_ the preffure upon it decreafes; fo that 
the air becomes lighter and lighter the 

6 higher 
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higher we afcend, and at the upper part 
of the atmofphere, where the prefflure is 
{carce any thing at all, the air dilating in 
proportion, ‘muft be éxpanded to a fur- 
prifing degree; and therefore the height 
of the atmofphere muft be much greater 
than has appeared by the laft calculation, 
in which its denfity was fuppofed to be 
every where as great as at the furface of 
the earth. In order therefore to deter- 
‘mine the height of the atmofphere more 
exactly, geometricians have endeavour- 
ed to determine the denfity of the air at 
‘different diftances from the earth. The 
- following fketch will give an idea of the 
method which fome geometricians have 
taken to determine this denfity, which 
igs preparatory to finding out the height 
of the atmofphere more exattly. 


Let us fuppofe a pillar of air to reach 
from the top of the atmofphere down 
to the earth’s furface ; and let us alfo fup- 
pofe it marked like a ftandard by inches, 
from the top to the bottom ; let us fill 

I 3 farther 
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farther fuppofe, that each inch of air, if 
not at all compreffed, would weigh one 
grain. The tapmoft inch then weighs 
one grain, a8 it fuffers no compreflure 
whatfoever ; the fecond inch is prefled 
by the topmoft with a weight of one 
grain, and this added to its own natural 
weight or denfity of one grain, now 
makes its denfity, which is ever equal ta 
the preffure, twograins. The third inch 
is preffed down by the weight of the 
two inches above it, whofe weights — 
united make three grains, and thefe add- 
ed to its natural weight, give it a den- 
fity of four grains. The fourth inch - 
is prefled by the united weight of the 
three above it, which together make 
feven grains, and this added to its 
natural weight give it a denfity of 
eight grains. The fifth inch, being pref-" 
fed by all the former fifteen, and its own 
weight, added, gives it a denfity of fix- 
teen grains, and fo on, defcending down- 
wards to the bottom. The firft inch has 
a denfity of one, the fecond inch a den- 
, | I fity 
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fity of two,” the third inch, a denfity 
of four, the fourth inch of eight, the 
fifth of fixteen, and fo on. Thus the 
inches of air increafe in denfity as they 
defcend from the top, at the rate of one, 
two, four, eight, fixteen, thirty-two, fix- 
_ ty-four, and fo on, whichis called a xe0~ 
metrical progreffion. Or if we have a 
mind to take this backwards, and begin 
at the bottom, we may fay, that the den~ 
fity of each of thefe inches grows lefs 
upwards in a geometrical progreffion. 
If, inftead of inches, we fuppofe the parts 
into which this pillar of air is divided 
to be extremely fmall, like thofe of air, 
the rule will hold good in thefe as well 
as thofe. So that we may generally af- 
fert, that the denfity of the air, from the 
furface of the earth, decreafes in a geo- 
metrical proportion. 


Tus being underftood, fhould I now 
defire to know the denfity of the air at 
any certain height, I have only firft to 
find out how much the denfity of the air 

T4 is 
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is diminifhed toa certain ftandard height, 
and from thence proceed to tell how 
much it will be diminithed at the greateft 
heights that can be imagined. . At fmall 
heights the diminution of its denfity is 
by fractional or broken numbers. We 
will fuppofe at once then, for greater 
eafe, that at the height of five miles, or a 
Dutch league, the air is twice lefs denfe 
than at the furface of the earth: then, at 
two leagues high, it muft be four times 
thinner and lefs denfe, and at three 
leagues eight times thinner and lighter, 
and fo on. Inftead of Dutch leagues, - 
fuppofe we took a German league of f{e- 
ven miles, and that it was four times lefs 
denfe at the height of the firft German 
league, then it would decreafe in the 
fame proportion, and be four times lefs 
denfe than the firft at the fecond league, 
that is fixteen times; and four times lefs 
denfe than the fecond at the third league, 
that is fixty-four times; and four times 
lefs denfe than the third at the fourth 
league, | that is two hundred and fifty-fix 
times 
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times lefs denfe than at the furface. In 
fhort, whatever decreafe it received in 
the firft ftep, it will continue to have 
in the fame proportion in the fecond, 
. third, and fo on; and this, as we faid, is 
called geometrical progreffjon. They 
who are fond of calculations may go fill 
forward, calculating the height of the 
air in this manner, and they will find, 
that a cubic inch of fuch air as we 
breathe here below waquld be fovery much 
rarefied at the height of five hundred 
miles, that it would fill a {phere equal 
in magnitude to the fartheft reach of our 
planetary fyftem.. Calculations, how~ 
ever, confer but little wifdom. | 


By this method of calculating the 
denfity of the air, we find that the height 
of the atmofphere is fcarce to be deter- 
mined, as it grows thinner the higher it 
afcends. However, I think it may be 
eafily enough proved, that it cannot dif- 
fufe itfelf above a certain determined 
height; for it muft be noted, that the 
air is attracted by gravity to the earth, 

| all 
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all the time it is thus impelled to recede 
from it by its expanfive force. Now, 
if its denfity, and confequently its ex- 
panfive force, which is- equal, be ninety 


hundred thoufand ‘million times lefs'at 


one hundred miles from the earth, than 
at its furface, as is nearly the cafe; and 
if,on the other hand, the power of gravity 
fhould be but a fingle tenth part lefs 
at an hundred miles diftance, than 
it is at the furface'of the earth, it is evi- 
dent, that the power of gravity will be- 
come at laft greater than the force of 
expanfion, and at a certain height the 
air, inftead of fuffering farther expan- 
fion, will be attracted towards the earth. 
For inftance, fuppofe a bubble of air at 
the furface of the earth weighs but the 
millionth part of a grain, fuppofe it raifed 
feventy miles high, its weight or gravity 
will fcarce be diminifhed at all, but its 
denfity, and confequently its expantive 
force, will be a million times lefs than 
before. Suppofe then it is raifed feventy- 
feven miles high; this will make fcarce 
‘any alteration in its gravity; but its 

denfity 
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denfity, and confequently its expanfive 
force, will be four million times lefs, 
Here then the gravitating force exceeds 
the expanfive force by three millions, 
and confequently the particles of: air, 
inftead of attempting to rife by expan- 
fion, will be carried down by the fupe- 
rior force of gravity. In other words, 
the atmofphere cannot rife above feventy 
miles high at the moft. 


Ir were to be wifhed, that this theory 
were afcertained by experiment, and that 
upon examining the diminution of theair’s 
denfity at three different heights, as in 
the valley, on the brow of a high moun- 
tain, and on its fummit, we found the 
denfity of the air thus decreafing in geo- 
metrisal proportion. Were the theory 
thus inconteftably afeertained, and found 
conformable to facts, we might eafily 
meafure the heights of mountains merely 
by knowing the denfity of the air, and the 
air’s denfity could always be eafily found 
by the barometer. Derham, if I re- 
member right, was the firft who thought 

| upon 
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upon this method of meafuring the 
‘heights of mountains by the barometer. 
He attempted to meafure the hill of 
Snowdon in this manner: however, he 
' fuppofed the atmofphere of an equal den- 
fity throughout. Others have taken its 
geometrically decreafing denfity into 
confideration, and laid down rules for 
thus meafyring mountains by calculating 
their heights, in. proportion to the de- 
creafe of the air’s denfity. The thing is 
eafily enough done; butat prefent, the 
whole of the method is looked upon as 
matter rather curious than either ufeful 
or exadt, Caffini the younger, in his 
admeafurement of a degree in France, 
calculated the denfities of the air at fe- 
veral heights, upon different mountains ; 
and he found the denfity of the air decreafe . 
in a much greater proportion as he af- 
eended, than in the geometrical progref= 
fion which the theory had laid down. 
The publication of thefe experiments 
caufed a fchifm among naturalifts. Some 
have afcribed this difference between 
experiment and theory to the vapours 

being 
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being in greater abundance in the valley 
than on the mountain, and as thefe va~ 
pours neither rife to the heights of pure 
air, nor act with equal elafticity, the air. 
upon the tops of mountains being freed 
from thefe is more expanded, and con- 
fequently lefs denfe. This is denied by 
others, particularly Fontenelle: he af- 
ferts, that the air is more rare upon the 
tops of mountains, becaufe there it has 
more elafticity,and it has there more elafti- 
city becaufe it has more humidity; but Dr. 
Jurin has well confuted this by fhew- 
ing, that humidity by no means in- 
creafes the elafticity of the air. Others 

- there are, who make a diftinétion be- 
tween the air on the mountain, and the 
air in the valley, and who think that 
they ‘are governed by different laws. 
Such is the ftate of the controverfy as it 
ftill fubfifts, Philofophers difpute, but 
chance more frequently decides. 


THis method of determining the 
height of the atmofphere, though per- 
haps 
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haps the beft, is yet difliked by Bet. 
nouilli,who gives us a methodof his own. 
The heat in the air ie reckoned by hint 
as one: of the agents in producing its-dif= 
ferent denfities. This method, however, 
is not much followed: the manner of 


finding out its height, as given by Kep- _ 


ler, is moft known and followed, though 
perhaps built, like the reft, upon a bafe- 
lefs foundation. Kepler’s method: is 
this. ae ae 


AsTRONoMERS know, to the greateft 
exactnefs, the place of the heavens in 
which the fun is at any one moment of 
time: they know, for inftance, the 
moment in. which it will fet, and alfo 
the precife time in which it is about to 
rife. However, upon awaiting his ap- 
pearance any morning, they always fee 
the light of the fun before its body, and 
they fee the fun itfelf fome minutes 
fooner above the mountain top, than it 
ought to appear from their calculations. 
— they fee long before the fun 

appears, 
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appears, and that at atime when they 
know that it is eighteen degrees lower 
than the verge of the fky. There is then 
in this cafe fomething which deceives qur 
fight; for we cannot fuppofe the fun to 
be fo irregular in his motions as to vary 
every morning: this’ would difturb the 
regularity of nature. The deception a@u- 
ally. exifts in the atmofphere. By look- 
ing through this denfe, tranfparent fub- 
ftance, every celeftial obje@t that lies be- 
yond it is feemingly raifed up, in fome 
{uch manner as we fee.a piece of money 
look as if raifed higher in a bafon filled 
with water. Ftom hence it is plain, 
that if the atmofphere were away, the 
{un’s light would not be brought to view 
fo long in the morning before the fun 
itfelf actually appears. The fun, with- 
out the atmofphere, would appear all 
blazing in light the inftant it rofe, and 
leave us in total darknefs the, inftant 
of its fetting. The length of the 
twilight, therefore, is in proportion to 
the height of the atmofphere ; or. let us 

invert 
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invert this and fay, that the height of thé 
atmofphere is in proportion to the length 
of the twilight. So that the diftance there 
is between the real and the apparent place 
of the fun’s ray will ferve to meafure the 
height of the atmofphere; for let us 
fuppofe the fun to be at S, anf the eye of 
a {pe€tator upon the earth at A. Now 
the fpe@ator cannot fee the fun, but yet he 
will fee the light refle&ed by the atmo- 
fphere; for when the ray of the fun 
touches the earth at D, (fee fig. 52.) and 
goes ftill forward, as foon as it arrives at 
B it will bend flanting to the {pe&ator’s 
eye at A; by which he enjoys the light 
before the fun appears. This ray has 
touched the earth at D and at A, and the 
arch DA is comprehended between the 
two tangents. If a line be drawn from the 
centre of the earth, fo as to divide this 


arch in two equal parts, from the nature. 


-of all circles, as geometry affures us, it 
‘muft come upon the place where the ray 
was bended at B, and the length of the 
line HB will be the height of the atmo~ 

fphere, 
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{phere, which even a common furveyor 
thay eafily find. Itis generally found by 
this means to be about forty-five miles 
high, All this holds, fuppofing the rays 
tobe ftraight or directas they pafs through 
the atmofphere, which in fac they are 
not. Kepler was the firft who found out 
this, but he foon abandoned it, becaufe it 
made the atmofphere many times higher 
than he really thought it was. 


HoweEveER this be, twilight is one of 
the great bleflings we derive from our 
atmofphere: by it we are by gentle de- 
grees brought from darknefs into light, 
and again from light into darknefs. In 
thofe countries towards the poles, where, 
though the fun difappears totally fora 
feafon, yet, when not above eighteen de- 
grees below their horizon, they ‘have 
the twilight all night long. At the 
equator, the twilight is fhorteft, becaufe 
the rays of the fun dart moft diredlly 
through the atmofphere, and confequent- 
ly are lefs refracted by paffing through 

Vor. II. K it; 
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it; but even allowing the whole of this 
computation to be exact, which however 
the learned now begin to doubt of, yet 
there muft. be allowance ftill made for 
the alterations in the denfity of the at- 
mofphere; for the denfer it is, the 
greater will be its power of refracting the 
light, and we fhewed before that cold 
will encreafe its denfity. In Nova Zem-= 
bla, where the air is extremely cold, the 
refracting power of the atmofphere is fo 
great, that fome Hollanders, who win- 
tered there, were furprifed to fee the fun 
feventeen days before they expected to 
fee him, even allowing for the influence 
of the atmofphere, 26 aftsonomers ufu- 
ally do. There is another appearance 
in the heavens ufually afcribed to the 
atmofphere, the largenefs of the rifing of 
_ fetting fun or moon, and their oval ap- 
pearance; but as thefe can be explained 
only by the affiftance of optics, they muft 
be referved for that part of natural phi- 
lofophy. | 
BreiDs 
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BesipE thefe benefits which we dea 
tive from our atmofphere, muft be men- 
tioned that of its furrounding the earth 
on every fide, and turning with it as the 
earth turns. Were it not for this, the 
tenants of the earth’s furface might be 
every moment liable, perhaps, to the 
fhocks of that fine fluid with which our 
planetary fyftem is, by moft moderns, 
thought to be filled. The parts of light 
itfelf might make a violent impreffion 
upon us, if we were dafhed againft them 
by the éarth’s rapid rotation, unfhielded 
by our atmofphere. 


Ka 
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CHAP. VIIL 
of WINDS. 


E have already reprefented the 

atmofphere as in continual mo- 
tion, alternately relaxed by heat, and 
contracted by cold, as the fun, our 
fource of celeftial heat, acts upon it, or 
the hot or cold exhalations from the earth 
contribute to encreafe its warmth or to 
diminifh it. 


Ir we fhould move with great {peed 
againft the air, we fhould feel its force: 
the fame thing will happen if the air 
moves with fwiftnefs againft us: we 
feel it forcibly imprefled upon our bo- 
dies, and the air thus moving all know 
to be called Wind. The wind is nothing 
elfe but the air put violently into mo- 
tion, and the more {wift this motion, 
and the more denfe the air, the greater 
the wind’s force, and if toa great de- 
gree, it is then called a Storm. 

IF 


! 
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Ir we fuppofe the atmofphere heated 
in any one part more violently than in 
another, it 1s plain, that this will dilate it, 
and drive the air out of that part. The 
air, however, cannot be thus driven from 
its own peculiar place without making 
an excurfion intg the place which another 
body of air poffeffes. By this meansa 
great quantity of air will be crowded or 
condenfed into dne particular region, while 
another fhall have but very little. This 
inequality of the airin thefe two different 


"regions muft continue as long as the one 


of them continues more heated by the 
fun or by vapours than the other. But 
when the caufe of the inequality is re- 
moved, and the heat is equally mode- 
. rate in both places, the air condenfed in 
one place having nothing now to refift 
its preflure, will rufh into the place 
empty of air, and thus flowing in with 
a violent motion produce winds, fuch as 
we every hour experience. To have a 
clear conception of this, let us compare 
that particular {pot or place where all the 

K 3 - air 
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air is juft ina manner exhaufted by heat 
to a great empty gulf, into which fluids 
are going to enter from every fide. The 
inhabitants in the midft of the gulf are 
preffed violently by the ftream on every 
fide: thofe who are to the north of rt, 
fee the ftream of air directed towards 
the fouth, that is, they have a north. 
wind: thofe on the contrary, who live 
to the fouthward, fee the ftream going 
northwards, and therefore have a fouth 
wind, and fo of all the other points of 
the compafs. In the midft of the gulf, 
’ where all the ftreams meet and mix, 
they feel all the inconveniences which 
are the effects of that heterogeneous 
. mixture. There fulphureous exhalationg 
from the fouth, torrents of nitre from the 
north, and watery vapours from every fide, 
are indifcriminately blended together in 
one confufed mafs. From hence proceed 
tempetts, thunder, rain, hail, and whirl- 
winds. | 


But though winds are thus found 
to produce mifchief, yet the harm they 
| I | do 
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do bears no proportion to the good we 
experience from them. The atmofphere 
of a large city, if continually the fame, 
would foon become corrupt, and from 
the quantity of animal exhalations float- 
ing in it, would in a very few days, 
perhaps hours, deftroy the health of the 
inhabitants. The wind prevents this, 
and blows away this over-charged part 
of the atmofphere, placing a new co- 
lumn of atmofphere in its room. 


THESE ¢urrents of air are alfo bene- 
ficial in another refpe&, for they often 
cool the atmofphere when too much 
heated. Thofe places, which have but 
juft before felt the moft violent effects of 
heat, are refrefhed by the air which 
comes from a colder region. On the 
other hand, the air, which by heat has been 
forced from the warmer region into that 
which is more cold, reciprocally bene- 
fits that, and foftens the feverity of its 
natural atmofphere. The inhabitants of 
thofe iflands that lie in hot tropical cli- 


K 4 mates 
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mates feel thefe benefits moft fignally 
from the wind. All day the fun beat- 
ing with feverity againft the folid earth of 
the ifland, caufes this, like all hard fub- 
ftances, to be greatly heated, and the air 
confequently rarefied to a great degree. 
In the mean time, the air upon the fur- 
face of-fo great and fo fluid a body 
as the furrounding -ocean, is by no 
means fo much rarefied, but lies out 
cool at fea, and confequently healthful. 
As foon, therefore, as the fun every day 
has done exerting the violence of his 
heat, the air from the ocean pours in 
upon the inhabitants panting and faint 
for want of air, and at once comforts, 
cools, and refrefhes them. Thus every 
four-and-twenty hours they have two 
regular and ftated winds. Inthe morn- 
ing, while the fun is driving off the air 
from land, the wind blows out to fea; 
on the contrary, when the fun’s power 
is over, and he has done his tafk, at 
night the air from the fea rufhes back to 
fill the fpace the fun had made empty. 

In 
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In this manner, however irregular 
~ we find ‘the wind in this ftill happier 
climate, they have it a more conftant 
and more grateful vifitant; yet the 
eonftancy of the wind among the iflands 
is but a trifle, if compared to what it is 
found to blow in the open parts of the 
ocean between the tropics; for in gene- 
ral, within the whole torrid zone, an 
eaft wind is found to prevail throughout 
the whole year: - fo that if a fhip fhould 
fail away from the coaft of Africa, and 
go continually weftward, it would have 
an eaftern gale to carry it round the 
whole globe. From its being fo fa- 
vourable to navigation, this wind has 
been called a Trade Wind. 


THE caufe of this conftancy in the. 


trade winds has been varioufly accounted 
for. Very many, and very abfurd have 
been the conjeGtures brought to explain 
them. There is a weed, fays Lyf- 
ter, growing in the fea, called a/ga 
marina, and extremely abundant in 


the | 
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the tropical climates. The perfpirations 

eof this weed produce air, and this air 
produces the trade winds, and thefe trade 
winds are always conftant, becaufe they — 
are always produced from the fame 
plant. This is fufficiently abfurd. 


Dr. Gorpon, with more probability, 
afcribed the trade wind to the motion of 
the earth upon its axle; but none of 
the motions of a fluid at the earth’s fur- 
face can be afcribed to that caufe. Others 
were willing to afcribe them to the fame 
caufes that produced the tides, the fun 
and moon’s attraction. But it might be 
geometrically proved, that this attraction 
would not caufe the air to rife much > 
higher than it does the ocean, which in - 
the air would be fo trifling a difference, 
that it could caufe no fenfible alteration 
whatever in the direction of the winds. 
It is to Dr. Halley we owe the moft 
rational theory ypon this fubject. 


Fie 
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‘File explains the caufe of the trade- 
winds in general terms thus: the air is 
amore rarefied between the tropics, be- 
eaufe a greater quantity of the fun’s rays 
fall in that region, and becaufe they fall 
more dire&tly, and alfo becaufe it is that 
part of the earth which is actually nearer 
the fun. Now, as the fun travels on- 
ward from eaft to weft every day, he 
dilates moft that part of the atmo- 
{phere that is immediately under him, 
and fo makes a kind of a void {pace as 
he goes along; but it 1s very obvious, 
that the air behind him will rufh in to fill 
up this fpace that he has juft left, rather 
than the air which is before his motion: 
for if the air before his motion rufhed for- 
ward to fill up the chafm he has juft made, 
jt muft pafs direétly under his rays, and 
if fo it would itfelf by that means be dis 
lated, and fo rendered unfit to fill up the 
void place it was rufhing in to occupy. 
For this reafon, therefore, the air mutt 
follow the fun’s motion, and fill each 
chafm he has juft made; in other words, 
the 
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the trade-winds muft move from eaft to 
welt, From hence, therefore, between 
the tropics, there would always be a 
current of air due eaft; but we are to 
take another effect into confideration. 
The denfe air from the north and fouth 
poles 1g always rufhing into the rarefied 
regions of the equator. Here thefe two 
oppofite winds meeting with that which 
continually blows due eaft, they in fome 
‘meafure flow in its current, and in fome 
meafure keep their own current. On the 
north fide of the equator the wind blows 
north-eaft; on the fouth fide of the equator 
it conftantly blows fouth-eaft; and this is 
really the cafe with the trade-winds, which 
lie over the open part of the ocean, and 
which are not affeted by the heat, which 
the fun ftriking againft fome neighbour= 
ing continent might produce. 


Tsay in the open parts of the ocean ; 
for in thofe parts of it. crowded with 
iflands, or lying near continents, the 
_ trade-winds are by no means fo regular. 


Earth is a more hard body than water ; 
4 hard 
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hard bodies receive a ftronger heat than 
thofe which are fluid; an iron heated red-- 
hot is much hotter than water at its higheft 
pitchof heat; the earth, as being an harder 
body than the ocean, receives more of 
the fun’s rays, and refleéts them with 
greater violence. Thus the air over a 
large continent 1s much more heated, 
and therefore more dilated, than over 
an ocean. This difference, therefore, 
produces what mariners in thofe cli- 
mates call the Land-wind. Every day, 
while the fun heats the earth, and thus 
produces a dilatation, the air is in a man-- 
ner driven out to fea; -but at night,: 
when this heat ceafes, the fea-breeze 
blows in upon land to fill up the void 
caufed by the diurnal folar heat. Thus 
it is where there are continents, or iflands, 
lying between the tropics: by day the 
wind blows out from fhore; by might, 
it blows back again the contrary way, 
and mariners find it dangerous to at- 
tempt landing at that time; but it 1s 
otherwife where the ocean is open. Such 

18 
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js the regularity of the trade-winds, ia 
fuch circumftances, that from the moft 
weftern: coaft of America acrofs the great 
Pacific Ocean to the Philippine Iflands, 
is but a voyage of nine weeks; for the 
ocean is almoft without ifland, and the 
winds upon its furface blow continually 
the fame way. 


SucH therefore is the nature of the 
winds, that if the earth were all over 
covered with one deep ocean, the winda 
upon its furface would always blow the 
fame way on either fide of the equator, 
and the motion of the air would regu- 
larly purfue the motion of the fun; but 
in the earth’s prefent ftate, there are 
numberlefs caufes to interrupt their re- 
gularity, and more in our colder cli- 
mates than in thofe burning regions 
that are more immediately fubje€ to the 
fun’s influence. In thefe there is a kind 
of interrupted regularity in the winds, 
but with us nothing can be more irregu- 
‘lar than they are. The fun is feldom fo 
extremely 
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extremely powerful in the temperate 
zone, as to counteract the inconftaut and 
uncertain impreffions of different exha- 
lations upon the wind, and thus give 
regularity to its motions. Vapours, 
meteors, mountains, forefts, lakes, cities, 
all confpire to give a new direction to 
the current of the air, and alter the ftate 
of the atmofphere. The caufes that give 
irregularity to winds with wus are nu- 
merous, while the fun, that in the tor- 
rid climates regulates their motion, ope- 
rates here with diminifhed influence. 
We have not yet, therefore, a fufficient 
hiftory of the changes wrought by thefe 
different caufes upon the wind in our 
own climates ; and until fuch an hiftory, 
which muft be the work of more than 
an age, can be compiled, no certainty ts 
to be expected in our predictions of the 
changes it may undergo. Bacon was 
the firft who undertook to write an hif- 
tory of the wind: his great fpirit was 
deterred at no difficulty in the way; he 
began the — and fucceeding philo- 

—7 
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fophers, inftead of purfuing his great 
 defign, have left it ftanding juft at 


the height he leftit. They have added | 


fcarce any new obfervations to en- 
large the work. Had his plan been 


carried on with the fame fpirit with: 


which he began it, the variations of the 


weather might now perhaps have been 
determined with greater certainty, and. 


who knows but by this time we might 
have been able to predi@& a northora 
fouth wind, with as much exa€inefs as we 
now calculate an eclipfe. To predi& an 
eclipfe is an object merely of curiofity ; 
to predi& an approaching ftorm would 


be of inconceivable benefit. The time 
{pent in determining the figure of a 
tautochrone might have been more ufe- 
fully employed in this refearch. I thall 
conclude this chapter with the fketch. 


of an hiftory of the winds, fuch as he 
has left it, with fome few additions by 
Halley, Buffon, D’Alembert, and others. 


AT 


nal 
‘ 
Pa Rag 
. 
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AT fea the winds are more regular 
than at land; for there nothing oppofes 
their, progrefs, or alters the fun’s in- 
fluence. | 


Tue air at fea is more equable, as 
well as more conftant: at land it blows 
in fits of force and intermifiion ; but at 
fea the current is ftrong, fteady, and 
even. 


In general, at fea, on this fide the 
equator, the eaft and north winds are 
moft violent and boifterous: on the con- 
trary, at land, the weft and fouth winds 
are moft fubje@ to produce hurricanes 
and tempeitts. 


THE air is often feen to move in two 
contrary.currents, and this almoft ever 
previous to thunder. The clouds, in fuch 
a cafe, are feen to move one way, while 
the weathercock points another. 


Vot. II. L Tus 
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THE winds are more violent at cer- 
tain heights than upon the plain, and 
the higher we afcend lofty mountains, 
the greater is the force of the wind, till 
we get above the ordinary heights of 
the clouds. Above this the fky is ufu- 
ally ferene and clear. The reafon rts, 
that the wind, at the furface of the earth, 
is continually interrupted by hills and 
rifings: fo that, on the plain, between 
any two of thefe, the inhabitants are in 
a kind of fhelter; but when once the 
interpofition of {mall hills no longer ftops 
the wind’s courfe, it then becomes 
ftronger, as the interruptions it meets 
with are fewer. At the tops of the high- 
cr mountains its interruptions are leaft 
of all; but it does not blow with vio- 
lence there: for its denfity is fo much 
diminifhed by the height, that-its force 
is {carce perceivable, and the ftorm falls 
midway below. 


A current of air always augments in 
force in proportion as the paflagethrough 


which. 
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which it runs is diminifhed. The law of 
this augmentation is, that the air’s force is 
compounded of its fwiftnefs and den- 
fity, and as thefe are encreafed, fo will 
the force of the wind. If any quan- 
tity of wind moves with twice the fwift- 
nefs of a fimilar quantity; it will be twice 
as forceful ; but if,” at the fame time 
that it is twice as {wift, it moves through 
twice a fmaller tube, and the fides of 
the canal give no refiftance to its motion, 
it will be four times as forceful. This, 
however, is not entirely the cafe; for 
the fides of the tube give a refiftance, 
and retard its motion, in a proportion 
that is not eafily calculated. From 
this increafe of the wind’s denfity in 
blowing through narrow paflages, it is 
that we fee the ftorms fo very violent 
that fometime blow between two neigh- 
bouring hills. It is from this, that 
when caught in long arcades opening at 
one end, the.wind blows with great force 
along them. From this increafed den- 
fity it is, that we meet with fuch cold 

L2 blafts 
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blafts at the corners of ftreets. In fhort, 
whatever diminifhes its bulk, without 
taking entirely away from its motion, 
increafes the vehemence of the wind. 
‘This alfo is the reafon why the air re- 
flected back from the fide of a moun- 
tain is often more violent than the air 
which firft ftruck its fide; for it is by 
this means condenfed, and its force 
augmented. The countrymen and far- 
mers have a diftin@ion which is not 
without its foundation; for they make 
a difference between a fwift and an heavy 
ftorm: the f{wift ftorm is loud, boifte- 
rous, and inoffenfive ; the heavy ftorm 
more fo, but more forceful and dange- 
rous. This fhews the infufficiency of 
thofe inftruments made for meafuring 
winds, by meafuring the rapidity only 
with which they move. Thefe machines 
for meafuring the. {wiftnefs of the wind 
are called Anemometers, an ill-found- 
‘ing word made from Greek. 


Mr. 
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Mr. Burron has divided the winds 
by zones: the frigid zone is the parent 
of north winds, and eaft winds rule at 
the equator. The winds of the tempe- 
rate zone are compofed of the eddies of. 
thefe two united. As the north wind 
prevails over the eaft wind, it produces 
a weft wind; as the eaft wind prevails, 
it produces a wind from the fouth. 
Thefe, however, are reflected, refra&ted, 
and at laft deftroyed by each other’s op- 
pofition in every region: their force 
is greateft when feveral winds confpire 
to move in the fame current. 


So much may ferve asa fketch of this 
great undertaking. It is but very lately 
that we began to make obfervations 
on the changes of the weather : which 
- may be confidered as a noble and difin- 
terefted prefent to pofterity ; for we can 
fcarce expect to have them in fufficient 
number in our own age, from whence 
to deduce any general theory that fhall 
turn to public benefit. 
| ba 
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CHAP IX. 
Of Mufical Sounds, 


HE fenfe of founds adds infi- 
~nitely more to the happinefs of 

man than to that of all other animals : 
- it not only fupplies him, like them, 
with expreffions of his wants and his 
defires, but it opens to him a wide 
field for pleafure. He finds delights un- 
known to the reft of the animated cre- 
ation from their varied combinations, 
The fables of the ancients pretend, 
that mufic was firft found out by the 
beating of different hammers upon the 
{mith’s anvil. Without purfuing the 
fable, let us endeavour to explain the 
nature of mufical founds by a fimilar 
method; for fable may often conduct 
us to truth, Let us fuppofe an anvil, 
or feveral fimilar anyils, to be ftruck 
vpon by feveral hammers of different 
weights or forces, The hammer, which 
18 


Experimental Philofophy. 149 


is double that of another, upon ftriking 
the anvil will produce a found double 
that of the other: this double found 
muficians have agreed to call an Oc- 
tave. The ear can judge of the differ- 
ence-or refemblance of thefe founds 
with preat eafe, the numbers being as 
one and two, and therefore very readily 
compared. Suppofe that an hammer 
three times lefs than the firft, ftrikes the 
anvil, the found produced by this will 
be three times Jefs than the firft: fo 
that the ear, in judging the fimilitude of 
thefe founds, will find fomewhat more 
difficulty ; becaufe it is not fo eafy to 
tell how often one is contajned in three, 
as it is to tell how offen it is contained 
in two. Again, fuppofe that an ham- 
mer four times lefs than the firft ftrikes 
the anvil, the ear will find greater dif- 
ficulty ftill in judging precifely the dif- 
ference of the founds ; for the difference 
of the numbers four and one cannot fo 
foon be determined with precifion as 
three and one. If the hammer be five 

L4 | times 
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times lefs, the. difficulty of judging will 
be fill greater. If the hammer be fix 
times lefs, the difficulty ftill increafes, 
and fo alfo of the feventh, infomuch that 
the ear cannot always readily and at 
once determine the precife gradation. 
Now, of all comparifons, thofe which the 
mind makes moft eafily, and with leaft 
Jabour, are the moft pleafing. There is 
a certain regularity inthe human foul, 
by which it finds happinefs in exa& and 
ftriking and eafily-made comparifons. 
As the ear1s but an inftrument of the 
mind, it is therefore moft pleafed with 
the combination of any two founds, the 
differences of which it can moft readily 
diftinguifh. It is more pleafed with the 
concord of two founds, which are to 
each other as one and two, than of twa 
founds, which are as one and three, or 
one and four, or one and five, or one and 
fix or feven. Upon this pleafure, which the 
mind takes in comparifon, all harmony 
depends. The variety of founds are in- 
finite ; but becaufe the ear cannot com- 
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pare two founds fo as readily to diftin- 
‘guifh their difcriminations when they 
exceed the proportion of one and fe- 
ven, muficians have been content to 
confine all harmony within that com- 
pafs, and allowed but feven notes in 
mufical compofition. 


Let us now then fuppofe a ftringed 
inftrument fitted up in the order men- 
tioned above. For inftance: let the firft 
ftring be twice as long as the fecond; 
let the third ftring be three times fhorter 
than the firft, let the fourth be four 
times, the fifth ftring five times, and thé’ 
fixth fix times as fhort as the firft. Such 
an inftrument would probably give us 
a reprefentation of the lyre as it came 
firft from the hand of the inventor. 
This‘inftrument will give us all the fe- 
ven notes following each other, in the 
order in which any two of them will 
accord together moft pleafingly ; but yet 
it will be a very inconveriient and a very 
difagreeable inftrument: inconvenient, 

for 
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for in a compafs of feven ftrings only 
the firft muft be feven times as long as- 
the laft; and difagreeable, becaufe this 
firft ftring will be feven times as loud 
alfo: fo that when the tones are to be 
played in a different order, loud and 
foft founds would be intermixed with 
moft difgufting alternations. In order 
to improve the firft inftrument, there- 
fore, fucceeding muficians very judici- 
oufly threw in all the other ftrings be- 
tween the two firft, or, in other words, 
between the two octaves, giving to each, 
however, the fame proportion to what. 
it would have had in the firft natural 
inftrument. This made the inftrument 
more portable, and the founds more 
even and pleafing. They therefore dif- 
pofed the founds between the o¢tave in 
their natural order, and gave each its 
own proportional dimenfions. It is not 
my defign here to enter farther into this 
fubje& than merely its flighteft elements; 
let it therefore fuffice to fay that, in ge- 
neral, of thefe founds, where the pro- 
portion 
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portion between any two of them is moft . 
obvious, the concord between them will 
be moft pleafing. Thus octaves, which are 
as two to one, have a moft harmonious 
effect; the fourth and fifth alfo found — 
{weetly together, and they will be found, 
upon calculation, to bear the fame pro- 
portion to each other that odtaves do. 
“ Let it not be fuppofed, (fays Mr. Sa- 
‘‘veur) that the mufical fcale is merely 
“© an arbitrary, combination of founds: 
«it is made up from the confonance 
‘sand differences of the parts which 
‘“‘ compofe it. Thofe who have often 
‘heard ‘a fourth and a fifth accord to- 
“ gether, will be naturally led to difcover 
* their difference at once; and the mind 
“unites itfelf to their beauties.” Let 
us then ceafe to aflign the coincidences 
of vibrations as the caufe of harmony, 
fince thefe coincidences in two ftrings 
vibrating at different intervals, muft at 
beft be but fortuitous, whereas concord 
is always pleafing. The true caufe why 
concord is pleafing, muft arife from our | 

i _ power, 
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power, in fuch acafe, of meafuring more 
eafily the differences of the tones. In 
proportion as the note can be meafured 
with its fundamental tone by large and 
obvious diftin€tions, then the concord 
is moft pleafing; on the contrary, when 
the ear meafures the difcriminations of 
two tones by very {mall parts, or can- 
not meafure themat all, it lofes the beauty 
of their refemblance: the whole is dif- 
cord and pain. 

BuT there is another property in the 
vibration of a mufical ftring not yet 
taken notice of, and which ferves to 
confirm the foregoing theory. If we 
{trike the ftring of an harpfichord, or 
any other elaftic founding cord what- 
ever, it returns a continuing found. This 
till of late was confidered as one fimple 
uniform tone; but all muficians now 
confefs, that inftead of one tone it a€tu- 
ally returns four tones, and that con- 
ftantly. The notes are, befide the fun- 
_ damental tone, an o€tave above, a twelfth 
| above, 
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‘above, and a feventeenth. One of the 


bafe notes of an harpfichord has been 
diffeted in this manner by Mr. Rameau, 
and the actual exiftence of thefe tones 
proved beyond a poffibility of being 
controverted. In fact, the experiment 
is eafily tried ; for if we fmartly ftrike 
one of the lowes keys of an harpfichord, 
and then take the finger brifkly away, 


a tolerable ear will be able to diftinguifh, — 


that after the fundamental tone has ceafed, 
three other fhriller tones will be diftin@ly 
heard: firft the o€tave above, then the 
twelfth, and laftly the feventeenth : the 
octave above is in general almoft mixed 
with the fundamental tone, fo as not to 


be eafily perceived, except by an ear 


long habituated to the minute difcrimi- 


nations of founds. So that we may ob- 
ferve, that the {malleft tone is heard laft, 


and the deepeft or largeft tone firft: the 
two others in order. 


In the whole theory of founds, nothing 
has given greater room for {peculation, 
| conjecture, 
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conjecture, and difappointment, than 
this amazing property in elaftic ftrings. 
The whole ftring is univerfally acknow- 
ledged to be in vibration in all its parts, 
yet this fingle vibration returns no lefs 
than four different founds. They who 
account for the tones of ftrings by the 
number of their vibrations are here at 
the greateft lofs. Daniel Bernouilli fup- 

pofes, that a vibrating ftring divides it- 
felf into a number of curves, each of 
which has a peculiar vibration, and 
though they all fwing together in the 
common vibration, yet each vibrates 
within itfelf. This opinion, which was 
fupported, as moft geometrical fpecu- 
lations are, with the parade of demon- 
firation, was only born foon after to die. 
Others haveafcribed this to an elaftic diffe- 
rence in the parts of theair, each of which, 
at different intervals, thus received dif- 
ferent impreflions from the ftring, in 
proportion to their elafticity. This is 
abfurd. If we allow the difference of 
tone to proceed from the force, and not 


the 
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the frequency of the vibrations, this dif- 
ficulty will admit of an eafy folution. 
Thefe founds, though they feem to exitft 
together in the ftring, adtually follow 
each other in fucceflion: while the vi- 
bration has greateft force, the funda- 
mental tone is brought forward: the 
force of the vibration decaying, the oc- 
tave is produced, but almoft only in- 
ftantaneoufly ; to this fucceeds, with di- 
minifhed force, the twelfth, and laftly 
the feventeenth is heard to vibrate with 
great diftinctnefs, while the three other 
tones are always filent. Thefe founds, 
thus excited, are all of them the har- 
monic tones, whofe differences from the 
fundamental tone are, as we faid, ftrong 
and diftin&. On the other hand, the 


difcordant tones cannot be heard, their 


differences being but very {mall are 
overpowered, and in a manner drowned 
in the tones of fuperior difference: yet 
not always neither; for Danie] Bernou- 
illi has been able, from the fame ftroke, 
to make the fame ftring bring out its har- 


monic 
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monic and its difcordant tones alfo*. So 
that from hence we may juftly infer, 
that every note what{gever is only a fuc~ 
ceffion of tones, and that thofe are moft 
diftin@ly heard, whofe differences are 
moft eafily perceivable. Thus far then 
we fee a ftrong fimilitude between a tone 
of found and a ray of light: both are, 
to all appearance, fimple and uniform; 
but art can diffect them, and in fome 
meafure difcover their conftituent prin- 
ciples. 


I wovutp only obferve here far- 
ther, that of all the founds I have hi- 
therto experienced, thofe brought from 
the edge of the mufical glafs are moft 
fimple and uniform. The great plea- 
fure they give ig from their fimplicity 
alone; for when three, or any other 
number of them, come to be united to- 
gether into one harmony, the founds are 
low, trifling, confufed, and fcarce fupe- 


* Vid. Memoires de ]’Académie de Berlin, 1753, 
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rior to that of a jews-harp. So that we 
fee how injudicioufly the performers on 
glaffes manage, who play firfts, feconds, 
and fometimes a bafe altogether upon an 
inftrument, whofe only excellence de- 
pends, not on its ftrength, but its fim- 
plicity of tone. 


To recapitulate all that has been faid 
upon the fubje& of founds: long con- 
tinued tones are nothing more than a 
repetition of the fame ftroke and tone. 
By {wiftly repeating the ftrokes, all bo- 
dies are capable of giving tones; but 
thefe tones do not arife from the f{wift- 
nefs but the greatnefs of theblow. The 
tone, therefore, in elaftic ftrings, is not 
to be attributed to the frequency of the © 
vibration, but to its force, to that greater 
vehemence with which a long and thick 
{ftring, permitted by proper tenfion to 
exert its whole elaftic power, excels a 
fhort and {mall ftring {crewed up almoft 
beyond its pitch of elafticity. The quan- 
tity of vibration is always proportioned 

VoL. II. M to 
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to the length, diameter, and diminifhed 
tenfion of the firing; but the quantity 
or depth of tone is not always fo. Yet, 
notwithftanding this, in pra@iically tuning 
moft mufical inftruments, as the’ tone 
‘and vibrations arife from the fame caufe, 
and are ufually fimilar, the vibrations 
will ferve to meafure the tone. But then, 
when we confider the fubje& philo- 
fophically, we fhould not call thofe vi- 
brations the parent, when they are only 


the fifter of mufical founds. Light and — 


flame are ever feen together, and yet it 
would be unjuft to fay that light is the 


parent of flame. ‘True thinking 1s no- 


thing more than giving effects their pro- 
per caufes. 


I cANNOT quit a fubje& relative to 
an art, of which I am fo fond, without 
making a few flight remarks upon Eng- 
lifh mufical compofition in general. Fo- 
reigners greatly object to our harmo- 
nies; they accufe them of being almoft 

always 
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always overcharged, and that there is 
never room enough left for occafional 
force of expreffion. Whether their dif- 
like to Handel be juft or not, I will not 
pretend to determine; but certain it is, 
they feem highly difpleafed with his 
ftile and manner, nor will they bear to 
hear him named with Hafle, Pergolefe, 
Faradellas, or any of the principal fo- 
reign compofers. The fire of his mufic, 
as they exprefs it, 1s much toe great, 
and generally unfitted to the fubje& and 
the performers. They fhould have con 
fidered, however, that it is in general ° 
adapted to the audience: the Englifh 
have been ever remarked for being 
fond of loud mufic. Scaliger, as early 
as the time of Queen Elizabeth, gives 
that peculiarity among the features of 
their national chara&ter. Handel feems 
to have ftudied his audience perfectly : 
he knew that an Englifh ear found lefs 
pleafure in the found of a violin, than in 
the glorious notes of a drum. . 
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“It has been objected by foreigners, 
that modern Englifh mufic labours 
throughout under the abfurdity of mif- 
taken exprefon. For inftance: when 
it would exprefs any thing very high, 
the notes are raifed high; if it would 
exprefs the wonders of the deep, the 
word deep is taken down to the loweft 
note of the Diapafon. Whereas, fay 
they, depth and height have no refems 
blance whatever, but in name, to the 
different-tones of mufic. In the fame 
manner, joy, forrow, and almoft all the 
pafions, are abfurdly exprefled, fo that 
no paffion is really excited but that of 
mirth, while mufic thus forgets its dig- 
nity by defcending to imitation. 


Ir has becn objected by foreigners to 
modern Englifh mufic, that the concert 
. pitch has been injudicioufly altered. 
There is, fay they, a certain ftretch, at 
which all ftrings give their fineft tones: 
that, in general, is the pitch which the 
other nations of Europe have found by 

experi- 
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experience to be their concert tone. In 


the colder climates, this pitch, if it be 
altered at all, fhould be let down; for 
founds ftrike brifker in a cold air than in 
a warm, in froft, for inftance, than in 
the fultry heats of autumn. A humid 
air alfo braces the ftring, and only adds 
to the tenfion of ftrings already raifed 
above their tonic pitch, | 


~ To all thefe objeCtions I can only an- 
fwer, that, whatever be our defects in 
this way, modern Italian mufic, (for the 
French need not be mentioned, as fome 
will fcarce allow that they have any) 
modern Italian mufic, I fay, is ftill more 
defective than ours. Whatever variety 


of expreffion, ours may want from too 


much harmony, theirs actually wants 
from a deficiency of genius. I have 
heard a judicious friend obferve, that he 
thought all the modern Italian canta- 
tas but a repetition of the fame tune. 
In fa, though they at prefent aim fo 
much at fimplicity, contrary to what is 

M 3 ufually 
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ufually imagined upon this fubjed, 
I have heard a finger throw more fong 
into his voluntary clofe, than the com- 
pofer had given him in his part. But 
in proportion as the compofers are fteril, 
their performers are compelled to be 
wild, and to make up in tawdry orna- 
ment what the piece wants in folidity. 
Mufic, notwithftanding, muft be owned 
- to have been indebted for many improve- 
ments to fome later compofers. Alberti 
is graceful, Tartini delicate, Rameau, 
though a Frenchman, often fublime; 
Handel’s mufic is well adapted; but, 
after all, Correlli is ftill inimitable, 


Tuey who would defire a thorough 
knowledge of the mathematical princi- 
ples, upon which the fcience of mufical _ 
compofition is founded, cannot havea 
better or more accurate guide than 
Smith’s Treatife of ‘Harmonics. They 
who would defire to confider the fcience 
jn a more practical light, may confult a 
_ work fome time fince publifhed by 
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Tartini, at Florence, entitled, Trattato 
della Mufica, in which he confiders the 
{cience both as a mufician and a _philo- 
fopher. Nor fhould I pafs over the 
endeavours of Mr. Rameau upon this 
fubje@, in which he has attempted to 


give what he calls a new {cale, confifting 


of eleven notes, each divided from the 
other by more exa¢ proportions than in 
the prefent fcale. This attempt, how- 
ever, is not new. In fat, it isno more 
than the ancient fcale, propofed near 
two thoufand years aga by Ariftoxenus. 
A new f{cale would be, at prefent, the fame 
thing as to introduce among mankind, an 
univerfal language: both might be more 
commodious and more rational. However, 
men are better pleafed with travelling in 
an old road that they know, though 
longer, than in finding out an unknown 
but fhorter path, that may at beft but con- 
duct them to the fame end, which the 
other did before. 
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CHAP. X. 
Of Sound in general. 


F we were to examine all nature fora 

place proper for augmenting and 
echoing’ founds with moft force, and 
with greateft exa€tnefs, we fhould find 
the human ear to be beft formed for 
thefe purpofes. By its admirable con- 
trivance it repeats founds of all kinds, 
admits the greateft quantity into the 
{malleft fpace, and echoes each back 
without confufion. ‘Within the fkull 


there is a large bony canal, that has one © 


end opening into the ear, and the other 
running backwards with feveral turnings, 
fomewhat refembling the internal wind~ 
ings of a common f{nail-fhell. This la- 
byrinth is lined within by a very fine 
{kin, whichis but an expanfion of the 
nerves that ferve for hearing,and which, 
uniting together towards the bottom, 

carry 
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carry the founds diretly to the brain. 


- But before the found can come to the 


labyrinth, it muft neceffarily ftrike 
apainft a thin fkin, which is ftretched, 
like the parchment of a drum, acrofs a 
paffage that leads from the outward ear 
into the mouth. This membrane or {kin 
is called the drum of the ear, and, as in 
a common drum, there ig a contrivance 


_ that feems calculated to brace or relax 


it at pleafure. About the ufe of this 
drum modern phyfiologifts are divided. 
The common opinion 1s, that all founds 
muft firft ftrike againft this, and make 
its parts vibrate like a beaten drum, and 
that this vibration 1s communicated to 
the internal labyrinth, whofe tremors 
correfpond, and thus the found is car- 


ried to the brain. They go on alfo to 
affirm, that when the drum of the ear is 


either too much relaxed, or totally de- 
ftroyed, there can be no tremors of found 
conveyed to the labyrinth, and that 
therefore the perfon muft become deaf. 
This doctrine, however, is contradicted 


by 
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by others, who affirm, that perfons hear 
perfectly well who have been totally de- . 
prived of this ear-drum ; that others 
drive tobacco {moak, which they take in 
at their mouths, through both ears, and 
as in its paflage it muft neceffarily be 
ftrained through the drum of the ear, | 
(for there is no other way by which it 
can pafs) ‘they are apt to think that this 
membrane, which admits fo grofsa fluid, 
cannot be the proper inftrument for ” 
hearing. Befides all this, they affirm 
that birds, whofe hearing is very exqui- 
fite, are deprived of this apparatus, and 
therefore fo may we, and yet ftill con- 
tinue to hear. Thefe objections are 
‘ftrong. The lateft and moft probable 
opinion therefore is, that the drum of 
the ear is not fo much defigned to ren- 
der us capable of hearing founds, (for 
we can hear without it) but to make us 
capable of exactly diftinguifhing them. | 
To render us fenfible of the difference 
between deep and fhrill tones, or, as they 
are otherwife called, between founds that 

7 | are 
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gre grave, and fuch as are acute. For 
the reception of a fhrill tone the drum 
is braced tightly, and therefore vibrates 
with the {wifteft and thorteft tremblings; | 
in receiving the grave tones, it is braced 
more loofely, its tremblings therefore 
are free, wide, and open. 


As a confirmation of this opinion, it 
is obvious, that thofe who have the drum 
of the ear any way inflamed or difor- 
dered,. can bear.to hear deep or grave 
founds; but the fhrill and acute give 
them inexpreffible pain. In order to pre- 
pare for the fhrill found, the drum, as 
was faid, muft be braced up tight, and 
this bracing will neceffarily be as pain- 
ful as it would be to ftretch out a finger 
ftreight that was contracted by an in- 
flammation. However this be, the con- 
trivance for the increafe of found in the 
ear is allowed to be admirable by all. 
Human ingenuity can make a machine, 
which may imitate vifion exadly; but — 
nothing that the art of man can form is 


found 
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found to increafe founds fo much in fo 
{mall a compafs as the human ear. 


Most founds, we all know, are con- 
veyed to us on the bofom of the air. In 
whatever manner they either float upon it, 
or are propelled forward in it, certain it 
is, that without the vehicle of thisor fome 
other fluid, we fhould have no founds at 
all. Let the air be exhaufted from a 
receiver, and a bell fhall emit no found 


when rung in the void; for, as the air - 


continues to grow lefs denfe, the found dies 
away in proportion, fo that at laft its 
ftrongeftvibrationsarealmoft totally filent. 


Tuus air is a vehicle for found. 
However, we muft not with fome phi- 
lofophers affert, that it is the only vehi- 
cle; that if there were no air, we fhould 
have no founds whatfoever: for it Is 
found by trial, that founds are conveyed 
through water almoft with the fame 
facility with which they move through 
air; a bell rung in water returns a tone 

as 


Experimental Philofophy, 7% 
as diftiné as if rung in our aerial at- 
mofphere. This was obferved by Der- 
ham, who alfo remarked, that the 
tone came a quarter deeper. Natural 
hiftorians affure us alfo, that fifhes have 
a ftrong perception of founds, even at 
_ the bottom of deep rivers. From hence, 
therefore, we may, I think, reafonably 
infer, that it 1s not very material in the 
_ propagation of founds, whether the 
fluid which conveys them be elaftic or 
otherwife. Water, which of all fub- 
ftances that we know, has the leaft elaf- 
ticity, yet ferves to carry them forward ; 
and if we make allowance for the dif- 
ference of its denfity, perhaps the 
founds move in it with a proportional 
rapidity, to what they are found to-do 
in the elaftic fluid of air. It may be 
faid, indeed, that the water conveys 
founds not of itfelf, but becaufe mixed 
with a quantity of air, which is not 
totally deprived of its elafticity ; that the 
found is carried forward by the vibra- 
tions of this. To this way of reafoning 

we 


172 | A Survey of 
we anfwer nothing: it may ferve to for- 


tify an hypothefis well enough, but it 
will never carry conviction with it. 


One thing however is certain, that 
whether the fluid which conveys the 
note be elaftic or non-elaftic, whatever 
found we hear is produced by a ftroke, 
which the founding body makes againft 
the fluid, whether air or water. The 
fluid being ftruck upon, carries the im- 
preffion forward to the ear, and there 
produces its fenfation. Philofophers are 
fo far agreed, that they all allow that 
found is nothing more than the impref- 
fion made by an elaftic body upon the 
air.or water, and this impreffion carried 
along by either fluid to the organ of 
hearing. But the manner in which this 
conveyance is made is ftill difputed : 
Whether the found is diffufed into the 
air, in circle beyond circle, like the waves 
of water, when we difturb the fmooth- 
nefs of its furface by dropping in a 
ftone, or whether it travels along, like 

rays 
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rays diffufed from a center, fomewhat in 
the fwift manner that eleCtricity runs 
along a rod of iron; thefe are the que- 
ftions which at prefent divide the learned, 
and are likely to continue to divide them. 


Newron was of the firft opinion, 
He has explained the progreffion of 
found by an undulatory, or rather a 
vermicular motion in the parts of the 
air. If we have an exact idea of the 
crawling of fome infects, we fhall have a 
tolerable notion: of the progreffion of — 
found upon this hypothefis. The in- 
fe&, for inftatice, in.its motion firft car- 
ries its contraGtions from the hinder 
part, in order to throw its fore part to the 
proper diftance, then it carries its contrac- 
tions from the fore part to the hinder, 
to bring that forward. Something fimi- 
lar to this is the motion of the air when. 
ftruck upon by a founding body. To 
be a little more precife, fuppofe ABC, 
(fee fig. 53.) the ftring of an harpfi- 
chord {crewed to a-proper pitch, and 

drawn 
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drawn out of the right line by the finger 
at B. We formerly faid, that fuch a 
ftring would, if let go, vibrate to E, and 
from Eto D, and back again. We ob- 
ferved, that it would continue thus to | 
vibrate like a pendulum for ever, if not 
externally refifted, and, like a pendu- 
lum, all its little vibrations would be 
performed in equal times, the laft and 
the firft being equally long in perform- 
ing. We fhewed alfo that, like a pene - 
dulum, its greateft {wiftnefs would al- 
ways be when it arrived at E, the middle 
part of its motion. Now then, if this 
firing be fuppofed to fly from the finger 
at B, it is obvious, that whatever be its 
own motion, fuch alfo will be the mo- 
tion of the parts of air that fly before it. 
Its motion, as is obvious, is firft uni- 
formly accelerated forward from B to E, 
then retarded as it goes from E to D, 
accelerated back again as it returns 
from D to E, and retarded from E to B. 
This motion being therefore fent in fuc- 
ceffion through a range of elaftic air, it 

muft 
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muft happen, that the parts of one range 
of air mutt be fent forward with acce- 
lerated motion, and then with a retard- 
ed motion. This accelerated motion 
reaching the remoteft end of the firft 
range will be communicated to a fe- 
cond range, while the neareft parts of 
the firft range being retarded in their 
motion, and falling back with the re- 
ceffion of the ftring, retire firft with an 
accelerated, then with a retarded mo- 
tion, and the remoteft parts will foon 
follow. In the mean time, while the 
parts of the firft range are thus falling 
back, the parts of the fecond range are 
going forward with an accelerated mo- 
tion. Thus there will be an alternate 
condenfation and relaxation of the air, 
during the time of one vibration; and 
as the air going forward ftrikes any op- 
pofing body with greater force than up- 
on retiring, fo each of thefe accelerated 
progreffions have been called by New- 
ton a pulfé of found. 
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Tuus will the air be driven forward 
in the direction of the firing. But now 
we muft obferve, that thefe pulfes will 
move every way; for all motion im- 
prefled upon fluids in any direétion 
whatfoever, operates all around in a 
{phere: fo that founds will be driven in 
all directions, backwards, forwards, up- 
wards, downwards, and on every fide. 


They will go on fucceeding each other, . 


one without fide the other, like circles in 
difturbed water ; or rather, they will lie 
one without the other, in concentric 
fhells, fhell above fhell, as we fee in the 


coats of an onion. 


ALL.who have remarked the tone of 

a bell, while its founds are decaying 
away, muft have an idea of the pulfes 
of found, which, according to Newton, 
are formed by the air’s alternate pro- 
greflion and receflion. And it muft be 
obferved, that as each of thefe pulfes are 
formed by a fingle vibration of the 

: ftring, 
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firing, they muft be equal to each other; 
for the vibrations of the ftring are 
known to be fo. 


AGAIN, as to the velocity with which 
founds travel, this Newton determines, 
by the moft difficult calculation that can 
be imagined, to be in proportion to the 
thicknefs of the parts of the air, and the 
diftance of thefe parts from each other. 
From hence he goes on to prove, that 
each little part moves backward and for- 
ward like a pendulum; and from thence 
he proceeds to demonftrate, that if: the 
atmofphere were of the fame denfity 
every where as at the furface of the earth, 
in fuch a cafe, a pendulum that reached 
from its higheft furface down to the fur- 
face of the earth, would by its vibrations 
difcover tous the proportion of the ve-~ 
locity with which founds travel. The 
velocity with which each pulfe: would 
move, he fhews, would be as much 
greater than the velocity of fuch a.pen- 
dulum {winging with one complete vi- 

N 2 _bration, 
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bration, as the circumference of a circle 
is greater than the diameter, From 
hence he calculates, that the motion of 
found would be nine hundred and fe- 
venty-nine feet in one fecond. But this 
not being confonant to experience, he 
takes in another confideration, which 
deftroys entirely the rigour of his former 
demonftration, namely, vapours in the 
air, and then finds the motion of found 
tc be one thoufand one hundred and 
forty-two in one fecond, or near thir- 
teen miles in a minute: a proportion 
which experience had eftablithed nearly 
before. 


Tuus much will ferve to give an ob- 
{cure idea of a moft obfcure theory: a 
theory which has met with numbers of 


oppofers; fome more forward, condemn- | 


ing what they thought they knew, but 
did not really underftand; others more 
prudent, condemning the whole doc- 
trine, not as falfe, but becaufe obfcure. 
Even John Bernouill:, Newton’s greatett 

difciple, 


—. 
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difciple, modeftly owns that he did not pre- 
tend to underftand this part of Newton's 
Principia. He attempted therefore to give 
a more perfpicuous demonftration of his 
own, that might confirm and illuftrate 
the Newtonian theory. The fubject 
feemed to reject elucidation : his theory 
is obvioufly wrong, as D’Alembert has 
proved in his Theory of Fluids. Euler, 
therefore, rejecting the Newtonian doc- 
trine entirely, has attempted to eftablith 
another; but as he has hitherto only 
given the refult of his calculations, with- 
out the progreflive proofs that con- 
firm his opinion, the learned continue 
in fufpenfe as to the merit of his work. 


Various have been the objections 
that have been made to the Newtonian © 
fyftem of founds.  Firft, it is urged, 
that if the firft pulfe of found be driven 
by that which immediately follows, and 
that by the fucceeding, and foon, it muft 
then happen, that the more numerous the 
pulfes, the farther will the found be 

N 3 driven ; 
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driven ; fo thata ftring which vibrates the 
longeft will be heard at the greateft di+ 
ftance, which is contrary to known ex- 
perience. Again, it is urged, that thig 
theory can only agree with the motion 
of found in an elaftic fluid, whereas 
founds are known to move forward 
through water that is not elaftic: to ex- 
plain their progrefs therefore through 


_ water, a fecond theory muft be formed : 


fo that two theories muft be made to ex- 
plain a fimilar effet, which is contrary 
to the fimplicity of true philofophy, for 
it is contrary to the fimplicity of nature, 
It is ftill farther urged, that this flow 
vermicular motion but ill reprefents 
the velocity with which founds travel, as 
we know by experience, that it is almoft 
thirteen miles ina minute. In fhort, it 
is urged, that fuch undulations as have 
been defcribed, when coming from feve- 
ral fonorous bodies at once, would crofs, 
obftru@, and confound each other ; fo 
that, if they were conveyed to the ear by 
this means, we fhould hear nothing but 

a med- 
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a medley of difcord, and broken articu- 
lations. But this is equally with the reft 
contradictory to experience, fince we hear 
the fulleft concert, not only without con- 
fufion, but with the higheft pleafure. 
Thefe objections,- whether well founded 
or not, have given rife to another theory. 
The reader muft judge for himfelf, which 


of the two he will prefer: non nofirum eft 
tantas componere lites. 


Every found may be confidered as 
driven off from the founding body in 
ftraight lines, and impreffed upon the air 
in one direction only ; but whatever im- 
preffion is made upon a fluid in one di- 
rection, is diffufed upon its furface into 
all dire€tions: fo that the found firft 
driven dire€tly forward foon fills up a wide 
{phere, and is heard on every fide. Thus, 
as it is imprefled, it inftantaneoufly tra- 
vels forward with a very {wift motion, 
refembling the velocity with which we 
know electricity flies from one end of a 
line to another. 


N 4 Now, | 


182 A Survey of 


Now, as to the pulfes, or open fhakes 
as the muficians exprefs it, which 4 
_ founding body is known to make, a little 
reflection may ferve to fhew, that each 
pulfe is itfelf a diftin& and perfect found, 
and that the interval between every two 
pulfes is profoundly filent. Continuity 
of found from the fame hody is only a 
deception of the hearing; for as each 
diftina found fucceeds at very fmall in- 
tervals, the organ has not time to tranf- 
quit its images with equal {wiftnefs to the 
mind, and the interval is thus loft to 
fenfe: juft as in feeing a flaming torch, 
if flared round in a circle, it appears as a 
ring of fire. In this manner a beaten 
drum, at fome {mall diftance, prefents us 
with the idea of continuing found. When 
children run with their fticks along a rail, 
a continuing found is thus reprefented, 
though it need fcarce be obferved, that 
the ftrokes againft each rail is perfeétly 
gifting and infulated. 


ACCORD- 
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‘ ACCORDING to this theory, therefore, — 
the pulfes are nothing more than diftin® 
founds repeated by the fame body, the 
firftt ftroke or vibration being ever the 
loudeft, and travelling farther than thofe 
that follow; while each fucceeding yi- 
bration gives a new found, but with di- 
minifhed force, till at laft the pulfes de- 
cay away totally, as the force decays that 
gives them exiftence. 


Aux bodies whatfoever that are ftruck, 
return more or lefs a found; but fome 
wanting elafticity, give back a repetition 
of the found: the noife ig at once be< 
gotten and dies; while other bodies, how- 
ever, there are, which being more elattic, 
and whofe parts are capable of vibration, 
give back a found, and repeat the fame 
feveral times fucceflively. Thefe laft are 
faid to have atone; the others are not 
allowed to have any. 


Tuis tone of the elaftic ftring or bell 
js notwithftanding nothing more than a 
fimilar 
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fimilar found to what the former bodies 
produced, but with the difference of be- 
ing many times repeated, while their 
note is but fingle. So that, if we would 
give the former bodies a tone, ‘it will be 
neceflary to make them repeat their 
found, by repeating our blows {wiftly 
upon them. This will effectually give 
them atone, and even an unmufical in- 
ftrument has often had a fine effe&t by 
its tone in our concerts, 


LET us now go on then to fuppofe, 
that by fwift and equably continued 
ftrokes we give any non-ciaitic body its 
tone, it is very obvious, that no altera- 
tions will be made in this tone by the 
quicknefs of the ftrokes, though repeated 
never fo faft. Thefe will only render the 
tone more equal and continuous, but 
make no alteration in the tone it gives. 
On the contrary, if we make an alteration 
in the force of each blow, a different tone 
will then undoubtedly be excited. The 
difference will be finall, I muft confefs, 

8 for 
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for the tones of thefe inflexible bodies 
are capable but of {mall variation ; how- 
ever, there will certainly be a difference. 
The table on which I write, for inftance, 
will return a different found when [ 
ftrike it with a club, from what it did 
when I only ftruck it with a fwitch. Thus 
non-elaftic bodies return a difference of 
tone, not in proportion to the fwiftnefs 
with which their found is repeated, but 
in proportion to the greatnefs of the 
blow which produced it; for in two 
equal non-elaftic bodies, that body pra- 
duced the deepeft tone that was ftruck 
by the greateft blow. 


WE now thencome to acritical queftion, 
What is it that produces the difference . 
of tone in two elaftic founding bells or 
firings? Or what makes one deep and 
the other fhrill? This queftion has al- 
ways been hitherto anfwered by faying, 
that the depth or heighth of the note 
proceeded from the flownefs and {wift- 
nefs of the times of the vibrations. The 

floweit 
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floweft vibrations, it has been faid, are 
qualified for producing the deepeft tones, 
while the {wifteft vibrations produce the 
higheft tones. In this cafe an effe& has 
been given for a caufe. It is in fa&t the 
force with which the founding ftring 
ftrikes. the air when ftruck upon, that 
makes the true diftinGion in the tones 
of founds. Itis this force, with greater 
or lefs impreflions, refembling the greater 
or lefs force of the blows upon a non- 
elaftic body, which produces correfpon- 
dent affections of found. The greateft 
forces produce the deepeft founds: the 
high notes are the effect of {mall efforts. 
In the fame manner a bell, wide at the 
mouth, gives a grave found; but if it 
be very maffly withal, that will render 
it ftill graver; but if maffy, wide, and 
long or high, that will make the tone 
deepeft of all. 


Tuus then will elaftic bodies give the 
deepeft found, in proportion to the force 
with which they ftrike the air; but if 


we 
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we fhould attempt to increafe their force 
by giving thema ftronger blow, this will 
be in vain: they will ftill return the fame 
tone; for fuch is their formation, that 
they are fonorous only, becaufe they are 
elaftic, and the force of this elafticity is 
not increafed by our ftrength, as the 
greatnefs of a pendulum’s vibration will 
not be increafed by falling from a greater 
height. 


Tuus far of the lengths of cords ; now 
as to the frequency with which they vi- 
brate the deepeft tones, it has been found, 
from the nature of elaftic ftrings, that 
the longeft firings have the wideft vibra~ 
tions, and confequently go backward and 
forward floweft; while, on the contrary, 
.the fhorteft ftrings vibrate the quickeft, 
or come and go in the fhorteft intervals. 
From hence thofe who have treated of 
founds have afferted, as was {aid before, 
that the tone of the ftring depended up- 
on the length or the fhortnefs of the vi- 
brations. This, however, is not the cafe. 


One 
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One and the fame ftring, when ftruck, 
muft always, like the fame pendulum, 
return precifely fimilar vibrations; but 
it is well known, that one and the fame 
ftring, when ftruck upon, does not al- 
ways return precifely the fame tone: fo 
that in this cafe the vibrations follow one 
rule, and the tone another. The vibra- 
tions muft be invariably the fame in the 
fame ftring, which does not return the fame 
tone invariably, as is well known to mu- 
ficians in general, In the violin, for in- 
ftance, they can eafily alter the tone of 
the ftring an octave or eight notes higher, 
by a fofter method of drawing the bow; 
and fome are known thus to bring out 
the moft charming airs imaginable. 
Thefe peculiar tones are by the Englifh 
fiddlers called Flute Notes, if I miftake 
not. The only reafon that can be affign- 
ed for the fame ftring thus returning dif- 
ferent tones, muft certainly be the dif- 
ferent force of its ftrokes upon the air. 
In one cafe, it has double the tone of 


the other, becaufe upon the foft touches 
of 
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of the bow, only half its elafticity is 
put into vibration. | 


Tuts being underftood, we fhall be 
able clearly to account for many things 
relating to founds that have hitherto been 
inexplicable. ‘Thus, for inftanee, if it 
be afked, When two ftrings are ftretched 
together of equal lengths, tenfion, and 
thicknefs, how does it happen, that one 
of them being ftruck, and made to vi- 
brate throughout, the other fhall vibrate 
throughout alfo ? The ani{wer is obvious : 
the force that the ftring ftruck receives is 
communicated to the air, and the air 
communicates the fame to the fimilar 
ftring, which therefore receives all the 
force of the former, and the force be- 
ing equal, the vibrations mutt be fo too. 
Again put the queftion, If one ftring be 
but half the length of the other, and be 
ftruck, how will the vibrations be? The 
anfwer is, the longeft fring will receive 
ali the force of the ftring half as long 
as itfelf, and therefore it will vibrate in 

: pro- 
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proportion, thatis, throu ghhalf itslen eth. 
In ‘the fame manner, if the longeft ftring 
were three timés as long as the other, 
it would only vibrate in a third of its 
length: or if four times, ina fourth of its 
length. In fhort, whatever force the 
f{maller ftring impreffes upon the air, the 
air will imprefs a fimilar force upon the 
longer ftring, and partially excite its 
vibrations. 


From hence alfo we may account for 
the caufe of thofe charming, melancholy 
gradations of found in the Eolian lyre, 
a modern inftrument, invented by Mr. 
Ofwald. The Eolian lyre is eafily made; 
being nothing more than a long narrow 
box of thin deal, about a yard long, and 
four inches wide, with an hole on one 
fide. On this fide are feven ftrings of 
very fine gut, ftretched over bridges at 
each end, like the bridge of a fiddle, and 
{crewed up or relaxed with {crew pins. 
The ftrings are all tuned to one and the 
fame note, and the inftrument is placed 

in 


Experimental Philofophy. 191 
in fome current of air, where the wind 
can brufh over its ftrings with free- 
dom. A window with the fafh juft 
raifed, to give the air admiffion, will an- 
{wer this purpofe exactly, Now when 
the entering air blows upon thefe ftrings 
with different degrees of force, there 
will be excited different tones of found ; 
fometimes the blaft brings out all the 
tones in full concert ; fometimes it finks 
them to the fofteft murmurs; it feels 
for every tone, and by its gradations 
of ftrength folicits thofe gradations of 
found, which art has taken different 
methods to produce. 


_ We come now, in the laft place, to, 
confider the loudnefs and the lownefs, 
or as muficians fpeak, the ftrength and 
foftnefs of founds. In vibrating elaftic 
ftrings, the loudnefs of the tone is in 
proportion to the deepnefs of the note ; 
that 1s, in two ftrings, all things in other 
circumftances alike, the deepeft tone will 
be loudeft. In miufical inftruments, 
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upon a different principle, as in the 
violin, it is otherwife ; the tones are made 
in fuch inftruments, by a number of {mall 
vibrations crowded into one ftroke. The 
refined bow, for inftance, being drawn 
dlong:a ftring, its roughneffes catch the 
ftring at very. {mall intervals, and excite 
its vibrations. In this inftrument, there- 
fore, to excite loud tones, the bow muft 
be drawn quick, and this will produce 
the greateft number of vibrations. But 
it muft be obferved, that the more quick 
the bow paffles over the ftring, the lefs apt 
will the roughnefs of its furface be to touch 
the ftring at every inftant; to remedy 
this, therefore, the bow mutt be prefied 
the harder as it is drawn. quicker, and 
thus its fulleft found will be brought 
- from the inftrument. If the fwiftnefs 

of the vibrations in: an inftrument thus 
rubbed upon, exceed the force of the 
deeper found in another, then the fwift 
vibrations will be heard at a greater 


diftance, and as much farther off, as the 
fwiftacls 
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fwiftnefs in them exceeds the force in 
the other. | 


Bur one thing more remains. It may 
be objected to this theory, that if the 
‘tone of a ftring was caufed by the force 
of its ftroke, then thofe parts of the air 
that were neareft the founding body would 
be impreffed with the greateft force, and 
would therefore give the greateft or 
deepeft tone; while, .as the found went 
off to a greater diftance, and the force 
became confequently lefs, the tone would 
become lefs alfo; or; in other words, 
grow higher and higher: but this, cori- 
tinue the objectors, is known, by expe- 
tience, to be otherwife. To this it mighe 
be anfwered, that the force once im- 
preffed continues ever the fame. But, 
in faét, I am apt to allow their objec- 
tion, but to deny their conclufion. I am 
inclined to believe that the tone aCtually 
alters as it travels onward, becoming 
higher, as it recedes from the founding 
body. I would offer the following rea- 

O 2 fons 
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fons for this opinion, rather as motives 
to excite farther fearch, than as decifions 
to fatisfy curiofity. In hearing diftant 
founds, it is probable, we labour under 
the fame continual deceptions which we 
do in feeing diftant objeéts; the judg- 
ment in both is ever correcting the er- 
roneous reprefentation of the fenfes. A ) 
man, when feen at a mile’s diftance, ap- 
pears actually but a few inches tall, yet 
the perfon who fees him, would be fur- 
prifed, if told, that what he faw was 
an object no bigger than his finger. It 
may be the fame with founds ; the tone 
may diminifh by diftance, and yet we 
may not be fenfible of it without a nice 
comparifon. It may be added, that as 
vifual objeéts, when placed at a diftance, 
fade from the fight, and affume the 
colour of the air as they remove; fo 
founds, toufe the painter’s word, may have 
their keeping in like manner, and thus 
by becoming indiftin& and low. 


THAT 
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_ ‘THAT we labour under a deception 
with regard to tones, and that they be- 
come higher as they come from a greater 
diftance, may be inferred from mufical 
compofition. The greateft mafters in 
this art, when they would imitate a dif- 
tant echo, generally take the founds an 
oGtave higher. A few years ago, a fel- 
low exhibited in Weftminfter, the art 
of imitating founds at any diftance what- 
ever. I remarked, that whenever he 
defigned to imitate a voice coming from 
a great diftance, he not only made 
the found more low and indiftin@, but 
raifed the tone feveral pitches higher 
than that ufed in his nearer imitations. 
A few obfervations fince made upon 
founds, induce me to believe, that they 
become higher as they come from a 
diftance more remote; while, en the 
contrary, that they deepen, the more the 
vibrations approach the labyrinth of the 
ear. The following eafy and common 
experiment I think will prove it. Take 
any thing whatever, capable of giving a 

O 3 found ; 
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found; let it be a common poker, for 
inftance ; and tying ona garter at top, {a 
as that both ends of the garter are left at 
liberty ; thefe ends muft be rolled round 
the firft finger of each hand, and then 
with thefe fingers ftopping the ears clofe, 
ftrike the poker, thus fufpended, againft 
any body whatfoever. The depth of the 
tone which this new mufical inftrument 
returns will be amazing. The deepeft and 
largeft bell will not equal it. Whence 
is this, unlefs from the clofe approach 
of the founding body, whofe vibrations 
are immediately communicated to the 
internal parts of the ear. I am fen- 
fible that many objections may be made 
to. this laft opinion ; fucceeding expe- 
rience muft, however, determine whe- 
ther it.be juft or not: but fuch as make 
them muft be particularly careful, not 
to let their former experience correct 
their immediate fenfations. This alter- 
ation of tone, with diftance, however, 
muft diminifh but by great intervals. 
The firft part of this theory appears ta 
> : me 


te 
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me very probable, whatever befalls the 
latter part of it. Some of. the outlines 


are taken from fome hints dropped by — 


Mr. Buffon. 


However it may be with regard to 


the theories of found, experience has 
taught us, that it travels at about the 


rate of 1142 feet in a fecond, or near 
thirteen miles in a minute. The method. 


of calculating its progrefs is eafily made 
known. When a gun is difcharged at 
a diftance, we fee the fire long before 
we hear the found. If then we know 
the diftance of the place, and know the 


time of the interval between our firft- 


feeing the fire and then hearing the 


report, this will thew us exaétly the: 


time the found has been travelling to 
us. For inftance, if the gun is dif- 
charged a mile off, the moment the 


flafh is feen, I take a watch and count. 


the feconds till I hear the found; the 


number of feconds 1s the time the found . 


has been travelling a mile. 


O4 DERHAM 
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DERHAM has gone yet farther, and 
proved by experience, that all founds 
whatever travel at the fame rate. The 
found of a gun, and the ftriking of a 
hammer, are equally fwift in their moe 
tions ; the fofteft whifper flies as fwiftly, 
as far as it goes, as the loudeft thunder. 


As found is communicated from a 
fingle point, in every dire€tion, it muft, 
of confequence, diminish in ftrength the 
farther it goes. All bodies fent out 
direQly in rays from a center, meet 
greater refiftances, as the fquares of 
their diftances become greater; and 
therefore the progrefs of founds will 
be refifted in proportion, as their dif- 
tances, by being fquared, increafe. 


Tus, however, muft not be confi- 
dered as a conftant rule; for when a 
found travels againft the wind, it takes 
a longer time than when it flies before 
it. Of confequence it goes fafter one 
way than the other, and thus, as it is na 

| longer 
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longer diffufed in a fphere, the law of 
its progrefs forward muft alfo be altered. 
Ulloa thinks that the fame found which, 
againft a ftrong wind, travels nine miles 
and a half, would, if it went with the 
wind in the fame time, travel ten miles 
and a half, that is a whole mile farther. 


To drive the human voice to the greateft 
diftance, we are obliged to make ufe of 
art. The inftrument called the fpeak- 
ing trumpet is well known at land; but 
it is indifpenfably neceflary at fea. “The 
voice reflected from the fides of this 
tube, which is made pretty much in the 
figure of an huntfman’s ftraight horn, is 
encreafed at its mouth, and thus, as it 18 
faid, ftrikes the air with greater force. 
‘There are very different opinions, both 
with refpe& to the manner in which the 
{peaking trumpet increafes found, and 
alfo with regard to the beft figure of fuch 
an inftrument ; the logarithmic curve 
has been adopted by fome, and the para- 
bolic curve by others; it is for geometri- 
clans 
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cians to difpute; artifts ufually chufe a 
figure peculiar to themfelves. 


A fubje@ not lefs difputed than the 
former, and ftill lefs underftood, is the 
caufe and nature of an echo. It is 
faid, in general terms, that an echo is 
a reflection of found, ftriking againft 
fome obje@, as an image is reflected in 
aglafs. If this, however, were the cafe, 
all bodies with a fmooth furface wauld 
be capable of reflecting founds, which 
we know, by experience, they are not. 
That the found is refle4ted none can de- 
ny, the great difficulty lies in deter 
mining what are the proper qualities in 
a body for thus reflecting founds. Were 
this precifely known, we fhould then 
be able to make an echo at pleafure; 
but fome have found, to their coft, that 
fuch an attempt is impraéticable; what- 
ever arts they have tried to bring the 
coy nymph to their gardens or pleafure- 
houfes, ‘have proved ineffectual; a poet 
would fay, that fhe flies the palaces 

: of 
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ef the great, content with folitude and 
privacy; 


IT is in general known, that caverns, 
grottoes, mountains, and ruined ‘build- 
ings return this image of found. Image 
we may call it, for in every refpect it 
refembles the image of a vifible obje@& 
reflected from a polifhed furface. Our 
figures are often reprefented in a mirrour, 
without feeing them ourfelves, while thofe 
ftanding on one fide are alone fenfible 
of the reflection. To be capable of fees 
ing the reflected image of ourfelves, we 
muft be direétly in a line with the image. 
Juft fo is it in an echo; we muft ftand 
in the line in which the found is re- 
fleted, or the repetition will be loft to 
us, while it may, at the fame time, be 
diftin@tly heard by others who ftand at a 
{mall diftance to one fide of us. I remem- 
ber a very extraordinary echo, at a ruined 
fortrefs near Louvain, in Flanders. Ifa 
perfon fung, he only heard his own 
yoice, without any repetition, on the 

con- 
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contrary, thofe who ftood at fome dif. 
ftance, heard the echo but not the voice; 
but then they heard it with furprifing 
variations, fometimes louder, fometimes 
fofter, now more near, then more dif- 
tant. There is an account in the me- 
moirs of the French academy, of a fimi- 
Jar echo near Rouen. The building 
which returns it is a femicircular court- 
yard; yet all buildings of the fame form 
do not produce the fame effects. We 
find fome mufic halls excellently adapt- 
ed for founds, while others, built upon 
the fame plan, in a different place, are 
found to mix the tones, inftead of en- 
larging them, in a very difagreeable 
manner. | 


As we know the diftance of places 
by the length of‘time a found takes to 
travel from them, fo we may judge of 
‘the diftance of an echo, by the length of 
the interval between our voice and_ its 
repetition. The moft deliberate echoes, 

as 
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as they are called, are ever the moft 
diftant ; while on the contrary, thofe 
that are very near, return their founds fo 
very quick as to have the interval almoft 
imperceptible; when this is the cafe, and 
the echo is fo very near, the voice is faid to 
be increafed and not echoed; however, 
in fat, the increafe is only made by the 
{wiftly purfuing repetition. Our the- 
atres and concert rooms are beft fitted 
for mufic or fpeaking, when they en- 
large the found to the greateft pitch, at the 
{malleft interval: for a repetition which 
does not begin the word till the fpeaker has 
finifhed it, throws all the founds into 
confufion. Thus the theatre at the Hay- 
market, enlarges the found very much; but 
then, at along interval, after the finger or 
{peaker. The theatre at Drury-lane, 
‘before it was altered, enlarged the found 
but in a {mall degree ; but then the re- 
petition was extremely quick in its pur- 
{uit; and the founds, when heard, were 
therefore heard diftin@ly. Dergolife, the 


5 great 
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great mufical compofer, ufed to fay, that 
an echo was the beft {chool-miftrefs ; for 
Jet a man’s own mufic be never fo good, 
by playing to an echo fhe would teach 
him to improve it. 
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CHAP. XI. 


Of [owe anomalous Properties of the Air, 
which have not been yet accounted 


Sor. | 


ESIDE thefe seiteeailin of the air, 
there are feveral others the caufes 

of which are more ob{cure, or to {peak 
more ingenuoully, the eaufes of which 
we are not able to aflign with fo ftrong 
an appearance of truth. Boyle has 
given us a chapter exprefsly upon this 
{ubje& ; where like a true philofopher 
he confeffes the limits of his own 
powers, and where ke cannot find the 
true caules, refufes to give conjectural 
ones: The vital principle of the air is one 
of its properties which cannot be account- 
ed for, and which foil human fagacity: 
that principle which it is poffeffed of in 
feeding flame, is alfo equally infcru- 
table ; it is-driven. off by heat, yet ftill 
8 more 
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more ftrange, heat cannot be continued 
without it. 


The power it has of whitening fome 
bodies and tanning others, is a property 
we may admire, but cannot account for. 
We are at a lofs alfo to account for the 
aptitude of the air, in keeping hetero- 
geneous bodies fupported on its bofom, 
while the heavier fluids of the fame 
region and the fame place are quite free 
from thofe fubftances. Thus it is often 
found, that the air of fome countries is 
extremely unhealthful and noxious, 
while the waters of the fame place are 
admired for their falubrity. We have a 
fhort memoir of one of the members of 
_ the Academy of Sciences in Paris to 
this purpofe; “ A mafon working by 
the fide of a deep well near the city of 
Rennes, happening to let his hammer 
fall, one of the labourers who attended 
him, went down, but was fuffocated be- 
fore he reached the bottom: the famething 
befel a fecond, who went down to draw 

: up 
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up the body; a third alfo underwent the | 
fame fate: a fourth, almoft drunk, was 
Jet down, but with pofitive affurances 
to be drawn up the moment he gave the 
fignal ; this he quickly gave, but was 
drawn up fenfelefs, and died in three 
days after, The moft extraordinary cir- 
cumftance of the relation 1s, that the water 
of this well had long been ufed by the 
neighbourhood without any noxious ef- 
fects whatfoever. 


ANOTHER of the air’s infcrutable qua- 
lities is, that if kept for fome time 
inclofed in a veflel without any commu- 
nication with the external atmofphere, it 
becomes deadly and peftilential in the 
higheft degree; all animals that afe 
obliged to refpire in it inftantly die. We 
have anothér account of the peftilential 
éffeéts of clofe air, related in the fame 
work: “ A baker of Chartres had 2 
cellar under his houfe, to which there 
was a defcent by a ftaircafe of thirty-fix 
Geps. Thither his fon, a ftrong young 

Vou. IL. P man, 
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man, went to carry down a fack of bran, 
but while he was on the fteps the 
candle was extinguifhed. Unconcerned 
at this, which he regarded as an accident, 
he went back, lighted his candle, and again 
returned; but as foon as he came to 
the loweft ftep he cried out, that he was 
unable—death interrupted the excla- 
mation. His brother, a youth as re- 
markable for ftrength as the former, 
inftantly ran down to his affiftance; but 
foon cried out that he was dying, and 
his cries ceafed a few moments after. 
His wife went to his refcue, a fervant 
maid followed her, they were all fuffo- 
cated. This accident terrified the whole 
village, and the inhabitants fled from 
the houfe with precipitation. At length 
one more refolute than the reft, being 
perfuaded that they were not yet dead, 
went down to affift them, but he was 
foon a fharer in their fate. Not daunted 
at this, the next day a friend of the 
baker’s was let down into the cellar by a 
cord; upon his crying out they at- 

tempted 
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tempted'to draw him up again, but the 
cord breaking, he fell into the cellar and 
was fuffocated inftantly.” 


Tue blood veffels of the brain upon 
diffe€tion appédred_ diftended, and the 
bowels inflamed. Upon throwing in a 
Jarge quantity of water into the cellar 
thefe noxious effects were difperfed, and 
a candle having been let down was 
drawn up without being put out, a cer- 
tain indication of the melioration of 
- the air. 


ANOTHER property of the air, which 
has not yet been accounted for, is, that 
globular figure its parts aflume, when the 
air, by means of the pump, or by fire, is 
forced out of the fubftances into which 
it has infinuated. The bubbles in 
this cafe are always round; and though 
the bubble happens to {well to a thoufand 
times its former dimenfions, yet its glo- 
bular figure ftill remains. Can the 
parts of air of which thefe globules are 

Pa compofed 
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compofed be round themfelves? Or will 
any number of globes by being in con- 
tact one with the other, compofe a figure 
that is round ¢ 


BuT of all the infcratable properties of 
the air, that by which it conveys founds 
from one place to another, is at prefent 
efteemed the moft obfcure: in the laf 
age, when a philofopher would blufh if 
he could not be thought to affign a 
ready caufe for every effet in nature, 
we then had theories of the progreffion 
of found through an elaftic fluid, and 
fuch were generally embraced by the 
learned. Thefe theories, it muft be 
owned, though they added nothing to a 
{cholar’s former fund of learning, yet 
ferved to conceal the bounds of what he 
knew ; for an obfcure anfwer will always 
fatisfy the demands of inquifitive ig- 
norance, and create its efteem: however, 
the doctrine of founds is now acknow- 
ledged the moft obfcure part of na- 
tural philofophy. The reafon may be 

eafily 
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eafily affigned. Newton attempted it 
without fuccefs; and fucceeding philo- 
fophers have not had talents equal to the 


elucidation of what he left obfcure. 


The two minims, Le Sueur and Jac- 
quier, who commented upon his Prin- 
cipia, have proved the Newtonian hy- 
pothefis, relating to the motion of the 
particles of an elaftic medium, to be fal- 
lacious, and have propofed other methods 
for reftoring the Newtonian doétrine of 
found ; but neither have their explana- 
tions carried univerfal conviction; a 
prefumptive proof of their weaknefs or — 


~ obfcurity. 
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BOOK II. 


CHAPTER L 
OF FIRE, 


Ignis ubique latet, naturam amplectitur omnem, 
Cunéta parit, renovat, dividit, urit, alit. ~~ 


i Raper are the properties of Fire 
as enumerated by a modern wit; 
and nothing can be at once more full. and 
more concife, All thingscontain Fire, fays _ 

P 4 he, 
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he, in fome degree; it produces, it renews, 
divides, confumes, or nourifhes every 
part of Nature: every perfon’s expe- 
rience muft inform him of the obvious 
properties of Fire; and in fact, philofo- 
phers more readily prove its exiftence, 
than give its definition. 


WHAT 1¢ Fire? This is a queftion 
which has divided the greateft men, as well 
among the ancients as moderns : of the lat- 


ter, Boerhaave, Homberg, and Lemery, | 


{uppofe fire to be a body actually exifting, 
. like air, water, or any other fluid, and 
diffuled throughall nature, It is to be 
found, fay they, in all places and in all 
things, oly ‘wanting to be collected 
into a narrow compals, in order to be- 
come manifeft to she fenfes. They fay, 
that, upon uniting with ather bodies, it 
not only tmereafes their bulk, but their 
weight alfo. That it fometimes is col- 
le&ted in fuch a manner, that fome of its 
properties only appear, as when i it fhines 
‘without burning ; : at other times diffe- 
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rent properties are colleGted, and it burns 
without fhining, as in metals heated to 
a certain pitch. 


To thefe chymical philofophers are 
oppofed no lefs names than Bacon, 
Boyle, and Newton: thefe deny that 
fire is by any means itfelf a body, but 
only arifes from the attrition or rubbin 
of bodies one againft the other. Char- 
coal ignited, fay they, what is it but 


_ wood made red and burning? A bar of 


iron hiffing from the forge, what is it but 
jron ftill? In fhort, fay they, wherever 
a violent attrition or inteftine motion of 
the parts can be excited between bodies, 
fire will be the neceffary refult; fuch 
hodies will fometimes caft forth flame, 
and flame is itfelf nothing more than 
parts exceflively {mall, put violently into 
mofion. 


MopDeERn philofophers in general in- 
cline to the opinion of Boerhaaye, and 
concur with the ancients in affirming, 

| . _ that 
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that fire is an element of a peculiar kind 
and an infcrutable nature, with properties 
peculiar to itfelf, every where appearing, 
but no where certainly known. Let us 
leave therefore the nature of this element 
to thofe who love difputation, and give 
the moft obvious properties of fire, but 
without attempting in the leaft to invef 
tigate their caufe. 


THE moft conftant property of fire is 
its heat: heat is ever found to increafe 
the bulk of all bodies before it begins to 
confume them. When heat is applied 
to any fubftance, to iron for inftance, in a 
moderate degree it {fwells; the fame heat 
increafed ftill, increafes all its dimen-~ 
fions. As long as the heat or fire is 
continued, the dilatation increafes, and 
the more ardent theone becomes, the more 
bulky ftill will be the other. The dilatation, 
however, of the fubftance has its bounds, 
nor can it be infinitely increafed. When 
the fire is firft applied, the dilatation 
begins flowly ; it then accelerates till it 

| comes 
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comes to a certain pitch, then it goes 
on flowly again; but at laft, though 
the fire be never fo ardent, or continued 
never fo long, the dilatation is at a 
fland. If we would defire to know ex- 


actly in what proportion bodies of dif- 
ferent hardnefs or different weights — 


dilate; this neither theory nor expe- 
rience can refolve. Some very hard 
bodies dilate more than others lefs hard ; 
but then fome bodies harder ftill, dilate 
Jefs than either. Tin dilates fooner than 
the fofter body, lead; iron, harder than 
tin, dilates lefs than either of them. 


Or all fluids which are dilated by 


heat, air is the moft eafily expanded: 


next to that the chymical ether, then 
{pirit of wine, then the oil called petro- 
Jeum, then oil of turpentine, rape oil, 
diftilled vinegar, freth water, falt water, 
{pirit of vitriol, {pirit of nitre, and quick- 
filver, | 


bs 
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In arder to meafure this expanfion of 
bodies, as well by: fire as by a more 
moderate heat, two inftruments have 
been contrived; namely, the pyrometer, 
and the thermometer : the pyrometer 
ferves to fhew the degrees of heat in 
folid bodies, the thermometer in fluids ; 
the pyrometer is ufually nothing more 
than a rod of metal equally heated and 
fo fixed,’ that as the heat increafes, its 
minuteft dilatations may be difcovered by 
a nice adjufted feale. Several methods 
of making them have been propofed; 
all the. methods are equally good, as 
the inftrument at beft can anfwer but 
few purpofes of either —- OF 
utility. 


Tue. thermometer is an inftrumert 
much more known, and infinitely more 
ufeful; it very precifely meafures the 
degree of heat in all fluids, ‘and- con- 
fequently informs us of the temperature 
of the air. This inftrument fhews ex- 
aGly when the weather is hot and when 

| it 
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st is cold, which, whatever we may boatt 
of our natural fenfations, they but very 
imperfectly difcover. A man, for in- 
fiance, going into a warm apartment of 
a bagnio, finds the air of the room excef- 
fively warm; but after being for fome 
time in the bath, which is ftill hotter, if 
he then comes out into the fame apart- 
ment, though the air ftill continues the 
fame, he fhall think it exceffively cold. 
The travellers who goup the Andes, — 
which are the higheft mountains in the 
world, often meet other travellers com- 
ing down, who have been in the province 
of Quito, which lies near its top. Their 
fenfations are very different, as Ulloa 
informs us. The defcending traveller, 
who has left the cold country above, is 
almoft ftifled with heat; the traveller, 
who afcends from the torrid regions below, 
freezes with cold; the one throws off his 
garment, and the other feizes it with 
hafte to keep himfelf warm. As our na- 
‘tural feelings are thus incapable of 
diftinguifhing the real warmth, of the 

5 | air, 
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air, or any other fubftances, the thermo- 
meter is called in, which anfwers the end 
with much greater precifion. This in- 
flrument is nothing more than a fluid 
inclofed in-a glafs tube nicely marked, 
and as the fluid {wells with heat, it fills 
more of the tube, and confequently rifes 
higher ; on the contrary, as it contracts 
with cold, it finks in the tube ; and thus 
rifing or falling, meafures the true tem- 
‘perature of the weather, or the degree 
of heat in any fluid into which it is 
immerfed. The thermometer was firft 
difcovered by one Drebbel, a common 
Dutch peafant, who ufed it merely to 
dire&t him in his occupations of huf- 
‘bandry. Philofophers foon found the 
ufe of fuch an inftrument, improved 
and converted it to purpofes far beyond 
what the inventor had any idea of. 
The thermometer now ufed moft fre- 
quently, is that of Fahrenheit’s improve- 
ment. The fluid with which the bulb at 
the bottom 1s filled, is mercury ; upon the 
fide of the tube are marked thedivifions at 

which 
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which the fluid expands by different 


degrees of heat from freezing, which 


he calls the freezing point, up to the 
greateft heats fluid fubftances are ca- 
pable of receiving. Thus when we fay, 
human heat is ninety-eight degrees by 
Fahrenheit’s thermometer, it-means only 
this, that the heat of a man’s body 
is ninety-eight of thofe degrees warmer 
than water when it begins to freeze. 
On the other hand, when we are told, 
that in Greenland the mercury fome- 
times ftands feven degrees lower than o 
by Fahrenheit’s thermometer, it only im- 
plies that the air is feven degrees colder 
than water when it begins to freeze. 
Several other kinds of thermometers 
have been made ufe of by different na- 
turalifts; the difference in any of them 
is not very material, it is only proper 
that they fhould hold to fome one ftan- 
dard, otherwife when a philofopher tells 
ws, that the air is at fuch a time thirty 
degrees of his thermometer, we can 
have no idea of its peculiar heat, 


unlefs 
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unlefs we have a draught of his peculiar 
inftrument alfo. Newton’s thermometer 
meafured the degrees of heat with oil 
inftead of mercury ; perhaps fach an in- 
ftrument is more juft, but it is by no 
means fo portable as the former. 


PHILOSOPHERS having thus agreed 
upon inftruments that can precifely mea- 
fure the degrees of heat and cold, can 
underftand each other, when they talk of 
the different dilatations in. bodies, with 
precifion. | 


But heat does not only increafe the 
bulk of bodies, but increafes their weight 
alfo. A body weighed nicely before it 
is put into the fire, and then weighed 
again, will be found to be increafed in 
weight very fenfibly. It is remarkable 
enough, that lead when melted and red- 
duced by heat to a red powder, receives 
a confiderable addition to its weight from 
the operation of the fire, even after it 1s 
become cold again: a pound of Jead 

by 
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by being thus reduced by heat, fhall 
weigh feveral grains heavier than before. 


Ir is not however the property of fire 
always to heat or expand thofe bodies 
in which it refides, for we frequently. 
fee it emitting light while it is perfe@ly 
cold. Phofphorus, which fhines in the 
dark, rotten wood, feveral kinds of fith, 
or flefh as it begins to putrefy, and 
feveral other fubftances, all emit a light 
fenfibly. So that light and heat may 
be confidered as two focial qualities 
which are propagated from the fame 
fource, namely, from fire; but though 
ufually together, yet by fome unknown 
means are often found difunited. 


Hot water cools fooner by being 
placed under the exhaufted receiver of 
an air pump, while on the contrary iron 
cools fooner in the open air. Shining 
rotten wood lofes all its-light.in the 
void, and never recovers it again; on 
the other hand, the glow-wotm lofes 
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its light, but foon recovers it again in 
the open air. If feveral bodies of dif- 
‘ferent heats are all placed in the fame 
clofe apartment, after a fhort time the 
heat will be -equally diffuled among 
them, and the thermometer will thew 
the degrees to be the fame in all. Bodies 
heat by being expofed to the air, but 
never if their moifture -be dried away. 
Hay when moift will take fire of itfelf, 
when dried it remains fecure. 


Woop rubbed very fwift with a cir- 
cular motion takes fire. Several liquors 
poured one upon the other, though cold 
before, immediately take fire; fuch as 
any acid, a {pirit of vitriol for inftance, 
when mixed withany effential oil, as oil 
of cloves. Ai flint ftruck againft a fteel 
emits fparks of fire, the fulphur contained 
in the flint heating and melting the 
metal of the iron, and mixing with it 
and falling in {mall drops, which. may 
be gathered upon paper, and attracted by 
the loadftone. But a property ftrll more 

: extraor<@ 
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extraordinary than any hitherto men- 
tioned is, that thefe {parks fhall fet fire 
to gunpowder, and the flame of a candle 
will not. In feveral mines in different 
parts of England, they are obliged to 
have very different kinds of light to 
carry on their work by. The flame of 
a candle in fome mines would fet their 
whole works on fire: they are therefore 
obliged to have a wheel with flints fet 
round the circumference like the cogs of 
a mill wheel; thefe flints continually 
ftriking a fteel properly difpofed give a 
light, which ferves to guide the opera- 
tions of the workmen. Yet though 
{uch a machine be requifite in fome 
places, a fingle {park ftruck between flint 
and fteel would inftantly fire other mines" 
where they work by the light of flame, 
and be more fatai than the explofion of 
tons of gunpowder : thefe are all: proper- 
ties of this element, for which we can 


affignno reafon that impreffes the eee 
conviction. 


Q2 THERE 
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THERE feem to be two fources of fire 
by which all nature is refrefhed, affifted, 


and even animated; for philofophers | 


now begin to allow, that animals may 
be produced from no other parent than 
heat alone. There are probably, I fay, 
two fources of fire, the central, or that 
heat which 1s contained deep in the 
- bowels of the earth, and the folar, or 
‘fun’s heat. In digging mines or wells 
it 1s obferved, that at a {mall diftance’ 
below the furface of the earth, the air 
feels a little chill; fomewhat deeper it 
is colder, and when the workmen have 
come precifely to that depth, beyond 
which the rays of the fun cannot pene- 
trate, water is found to freeze: when 
they defcend ftifl more deep to about 
fifty feet below the furface, they then 
begin to perceive the: place a little 
- Warmer and ice melts. The deeper they 
defcend from this point, the more does 
the heat increafe, until at length their 
breathing becomes difficult and their 


candles go out. 
By 
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By this central heat many have ex- 
plained earthquakes, the produdtion of 
gems, minerals, and even the nutrition 
of vegetables. ‘They who are moft wed- 
ded to the fyftem, regard this heat as a 
central fun, enlivening and refrefhing 
nature beneath the furface of the earth, 
as the planetary fun does the external 
parts of the fyftem. Boyle, however, 
afcribes the increafe of heat at the loweft 
depths to vapours, which mixing with 
others of a different and oppofite nature, 
_ produce heat and fometimes flame, as we 
‘fee fulphur when kneaded intoa pafte with 
filings of iron frequently does. 


‘Fue fun, as we all experience, is the 
.caufe of heat, at the furface of the earth: 
whatever regions are ftruck by its rays 
moft perpendicularly, feel the. influ- 
ence of its heat with greateft violence. 
For every object, placed dire&tly beneath 
the rays, receive them in greateft quan- 
tity; and befides, every obje& that re- 
ceives the perpendicular ray, will alfo 


03 receive 
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receive the reflected rays, which will 


not be the cafe, if they fall obliquely ; 
a material confideration, though not 
ufually taken notice of. This heat of 
the fun, which is fo great at the furface 
of the earth, is much diminifhed: as we 
afcend above it; fo that the tops of 


mountains are generally extremely cold; 


and though fome of them are internally 
fraught with fire, yet externally they 
are covered with {now. ‘The mountain 
of Hecla, in Iceland, fometimes cafts 


forth flames and earth melted like glafs 


into a flaming torrent ; this runs down 
its fides in rivers, while the colleéted 
{now drives before the current, and the 
whole makes the moft hideous cataract 
in nature. The caufe of mountains 
being thus more cold than the valley be- 
low, is obvious ; the valley reflects all the 
rays of the fun, warms the air, and 
drives the rays back dire€tly againft the 
obferver: the mountain reflects its rays 
ina {maller quantity ; the air is thin, and 
will not admit of much warmth, and 

the 
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the obferver is more out of the line of 
each refleéted ray. \ # 


Or all bodies which reflect or. throw 
back the rays of the fun, thofe which 
are fmooth, well polifhed, and but little 
porous, do it moft powerfully ; while, on 
the contrary, foft, fpongy, porous bodies, 
‘refle&t back but a few rays in comparifon, 
but, in a manner, fuck them up and 
keep them within themfelves. A look- 
ing glafs will throw back the rays that 
fall upon it very powerfully, with light 
and warmth, while a pillow fhall f{carce 
reflect any rays whatfoever. Of all fub- 
{tances however, polifhed fteel reflects 
the rays moft, while, on the contrary, 
wool has the fmalleft power of reflec- 
tion, tranfmitting the rays, and fuf- 


fering them to pafs through its fubftance — | 


in the greateft number. And for this 
reafon, wool that thus imbibes the rays 
in fuch great quantities muft neceflarily 
be warmer than any other fubftance ; 
though Reaumur, in hatching chickens 


Q4 by 
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by the means of an oven alone, made 
ufe of an artificial hen made of wool 


to clutch the young brood when it came 
from the fhell: 


ALL’ bodies thus feel the influence of 
the fun’s rays, in proportion as they ftrike 
againftthem more direClly, or as the bodies 
aré fitted for their reception. The rays, 
‘however, as they ever continue ‘to ope- 
-rate, are, at the fame time, reftrained 
from .burning too fiercely, by the na- 
‘ture and difpofition of the bodies upon 
which they fall; the heat. is: diffufed 
evenly through their parts; and’ never 
in the natural ftate of things, is it found 
to fet the body in flames. To give the 
-fays gteater power they mult be col- 
JeGted. by art ; and when their heat thus 
becomes united, they confume, or, at 
leaft, eéhange all bodies whatfoever 
with inexprefible force. The hardeft 
metals, fteel itfelf melts; in a few: mi- 
nutes; -itito glafs, and feems, by the 
‘violence of the heat, to lofe ite nature ; 

= in 
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in a few minutes more, the metal begins 
to fend up fumes, and, at laft, is totally 
evaporated away, to mix with the air in 
which we breathe, 


To give an idea of the manner in 
which the fun’s rays are thus collected 
together, take fix or eight fmall look- 
ing-glaffes, and holding .them oppo- 
fite to the fun, let their reflected light 
fall all upon. one f{pot, .upon the ‘crown 
of a hat for inftance; if we put our hand 
there, we fhall find the place- much 
warmer than the fun would have heated 
it without, the refleGtion. . If we make 
the united reflections fall upon the ball, 
at the bottom of the thermometer, (fee 
fig. 54) we fhall then -be perfe@lly con- 
vinced of the increafed heat by the rifing 
of the fluid in the tube. This experi- 
ment is eafily tried, and the effects will 
always. anfwer. ‘Now, if inftead of 
eight glafles we fhould ufe a much 
greater number, the heat will be aug- 
mented in proportion, in the body 

I upon 
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upon which their united refletion falls, 
We have often faid, that all circles. may 
be confidered as compofed of a number 
of right lines ; and fpherical figures may 
be confidered as compofed of a number 
of plain furfaces. Inftead, therefore, of 
a number of plain glaffes, if we fhould 
make ufe of one concave mirrour, (fee 
fig. 55) fomewhat refembling, in fhape, 
the internal furface of a pewter bafon, 
this will throw the rays upon one point, 
and the body, which is placed exaétly 
there, will be confumed in a time: pro- 
portioned to the mirrour’s fize and con-. 


- ftruction. Iam fenfible that mentioning 


fo vulgar an utenfil as a bafon, may in- 
cur ridicule ; however, a very tolerable 
burning refledtor may be made from 
one of thefe, newly taken out of the 
fhop. For if a copper bafon or dith 
formed of a true {pherical figure, as fome 
of them are, be well tinned on the infide. 
If then quickfilver be put into this veffel, 
and rolled: about its fides, it will unite 
with the tin, and ftick to its furface 
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as water would, and filver the whole 
furface over with as fine a polifh as 
it aflumes behind a plate of looking- 
glafs, for that is only quickfilver and 
tin mixed together, as in this experiment. 
The bafon thus polifhed on the infide 
will make a very good burning mirrour, 
and will confme the denfeft bodies, if 
laid in the proper point where the re- 
flete3 rays unite together. Such a re- 
fletor is only for thofe who will not 
be at the expence of fuch as are more 
powerful. The beft are thought to be 
thofe made of polifhed fteel, as this 
metal is hardeft and beft reflects the 


rays. Others recommend a compofition | 


of tin and antimony; in fhort, each 
philofopher chufes the materials of his 
mirrour ; and thofe, in general, are 
found to anfwer beft, where the fub- 
ftance. of which they are made is com- 
pact, bears an high polifh, and is of 
a white colour; for it muft be obferved, 
— that fuch as are made of black materials, 
as of black marble, do not ‘reflect the 

| | rays 
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rays at all, or, at leaft, but very fee- 
bly ; for black is a quality which ra- 
ther. imbibes than reflects the rays 
that fall upon its furface. We have 
feveral accounts of the force with which 
concave mirrours, properly formed, de- 
ftroy all fubftances put into the focus 
of their energy, for fo is the point called, 


where all the reflected rays unite and 


burn fierceft. The mirrour of Septala 
burnt at fifteen feet diftance : Boerhaave 
fays much of that made by T{chirn- 
haufen. That of Villet’s conftruction 
is equally admired ; it was near four feet 
in diameter, and burnt fubftances at a 
diftance of three feet two inches with 
extreme violence. Iron ore placed in 
its eye or focus, melted in twenty-four 
feconds, bone was turned to glafs in 
thirty-three feconds, a copper balfpenny 
had an hole melted through it in thirty 
feconds, .and feveral other fubftances 
were confumed with equal rapidity. 
Boerhaave informs us, that with his mir- 
rour he has frequently turned gold to 

glafs, 


a~— 
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glafs, but could never diminith its weight ; 
others, however, affert the contrary, af- 
firming that part of the gold is driven 
away, and a part remains behind, re- 
duced, in a manner, to afhes, or, as the 
chymifts call it, toa calx or caput mortuum. 
Such are the effects of mirrours of this 
conftruction; though it may be obferved, 
however, that whatever metals are thus 
turned to glafs or to afhes by the effects 
of heat, may be reftored to their natural 
ftate by being united with charcoal, and 
fo melted over again. | 


Burt whatever we are told of the ef- 
fects of Villet’s burning mirrour, they 
fall far fhort of what has been perform- 
ed by a mirrour more lately made by 
Mr. Buffon; for this burns at a dif- 
tance of no lefs than two hundred feet. 
. This excellent naturalift juftly confider- 
ed, that if a plain looking-glafs warmed at 
a great diftance, anumber of plain glaffes, 
united to fall their rays upon the {ame fpot, 
would actually burn ; he therefore put. 

together 
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together feveral plain glaffes, each about 
half a foot fquare, and fo difpofed as to 


have all their reflections fall upon one 
object, pretty much in the manner re- 
prefented above. They are fixed in a 
frame which can alter their focal diftance 
at pleafure, fo that the fame machine 
which throws the combined reflected 
rays to a diftance of two hundred feet, 
may, by the turn of an handle, be made 


to throw their united force upon an ob- © 


je& not diftant above twenty. It is re- 
markable enough, that Tzetzes, a Greek 
writer of the twelfth century, giving a 
a defcription of the manner in which 
Archimedes burnt the fleet of the Ro- 
mans, affures us it was in the manner 
we have juft defcribed. Archimedes, 
he fays, made a number of plain mir- 
rours with combined force, colle& the 
rays of the fun upon the veffels in the 
harbour, and thus he fet them on fire. 
The mirrours of the ancient mathemati- 
cian, however, muft have been much 
_more powerful than thofe of the modern 
naturalift ; 
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naturalift; for DiodorusSiculus tells us,that 
Archimedes burnt the Roman fleet about 
three furlongs removed from fhore. The 
moderns cannot conceive the manner 
in which this could be done, at fo very 
remote a diftance; fo what they cannot 
underftand they boldly deny ; and affure 
each other, that Archimedes never burnt 
the Roman fleet. 


PoLisHED fubftances refle& the rays 
in greateft abundance; but no fubftance 
whatfoever is wholly deftitute of this 
reflecting power. In fa&, we have had 
fome burning mirrours made of wood, 
of flax, and even of paper; itfelf a fub- 
ftance fo eafily capable of being confum- 
‘ed. Weare told of a perfon at Vienna, 
who made one of thefe that melted iron. 
It would be ftrange enough to an un- - 
“initiated reader, when thus told that pa- 
per fhould be made to receive an heat fuf- 
ficient to melt iron, and yet remain per- 
fecily untouched by the fire itfelf. - This 


man’s 
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man’s name, if I remember right, wae 
Neuman. 


But the concave figure is not the 
only one by which the rays of the fun 
are thus collected together; for any 
tranfparent convex body that permits 
the rays to pafs through it, will unite 
them in a focal point fomewhere behind 
it. One of the glaffes of a common 
pair of fpectacles, if it be fufficiently con- 
vex (that is gradually rifing in the mid- 
dle) will burn wood, or any other fub- 
_ftance that lies at the proper diftance 
under its eye. We fhall thew the man- 
ner how a convex glafs thus directs the 
rays that pafs through it in a point be+ 


hind, ‘in another place (fee fig. 56). Let 


it fuffice to obferve here, that tf fo {mall 
a glafs as that juft mentioned has power 


to burn, what will not the power be of . 


that made by Tfchirnhaufen, which 
was near four feet broad, an inch and 
an half thick, and whofe focal point, 


or 
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or that point where all the rays were 
mott colleéted, was twelve feet from the 
plafs, fo that it burnt with its greateft 
force at that great diftance. Stones, me- 
tals, earths, fled inftantly away before it ; 
it was obfervable alfo, that its ardour was 
moft efficacious, when the fubftance to 
be confumed was laid upon a piece of 
charcoal, Yet we muft not fuppofe the 
effects of fuch a glafs equal to thofé of the 
concave mirrour mentioned before. From 
its figure it cannot unite the rays into fo 
{mall a point as the former, and there« 
fore muft operate with lefs influence. 
Burning inftruments of this kind are 
ufually made with glafs ; but any tranf 
parent fubftance that lets the rays pafs 
freely through, will anfwer the end- as 
well. An hollow glafs of the proper 
fhape filled with water, has all the fame 
effet as folid glafs would have. And 
this was known to the ancients, for Lac- 
tantius affures us, that a globe filled with 
water, would kindle a fire even in the 
-midft of winter, which he thought ftill 

Vot. IL. R the 
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the more furprifing. A, burning in- 
ftrument may be thus made of horn, 
if very tranfparent, of Ifinglafs, of glue, 
of ice itfelf. In fa&t, ice makes an ex- 
cellent burning inftrument. Take a 
piece of ice, put it into a common brafs 
ladle, and by melting, it will fhape itfelf, 
in the bottom of the ladle, to the figure 
you propofe, that is convex on one fide 
and plain on the other. Ufe this as a 
burning glafs, and it will anfwer rather 
better ; particularly if the water has been 
boiled before it froze, fo as to purge 
it of all its air. 


Tue effets of burning inftruments, 
whether concave or convex, are great, 
always in winter, which is very extra- 
ordinary, fince the heat which they 
colle& is fo much lefs at that feafon. 
However, there may be a very good 
reafon affigned for this feeming para- 
dox. Vapours are found greatly to di- 
minifh the efficacy of the rays collected 


by the ardent inftrument; charcoal burn- 


ing 
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ing and fending up its vapour under the 
converging rays, enfeebles them furpri- 
fingly. There are always lefs vapours 
in winter than in fummer. 


A burning mirrour not only colle@s 
the rays of heat, but of light alfo; fome- 
times giving luminary rays fuch a bril- 
liancy as to dazzle, and, at laft, deftroy 
the ftrongeft fight. Thus the light ofthe 
moon may be collected in the eye of a 


‘burning mirrour, with a fplendour only | 


inferiour to the united beams of the 
fun; but notwithftanding thefe beams 
are fo very bright, the} have no heat 
at all. Nor is want of heat in the 
moon beams to be wondered at ; for by 
calculation it has been found, that the 
heat of this luminary is three million of 
times lefs than that of the fun ; but our 
beft .inftruments can make the beams 
either of the fun or moon, only three 
hundred times more powerful than they 
were before. So that the moon beams, 
even after they have been united to- 

R22. gether, 


242 - 4 Survey of 


gether, are flill a thoufand times colder 
than the common heat of the fun in the 
ordinary ftate of nature. 


Duray, a French philofopher, firft 
tried the force of thefe inftruments, in 
colle@ing the rays of a common culi- 
nary fire. Neither the concave mirrour, 
nor the convex glafs, would colle& the 
rays of a charcoal fire, when fingle and 
alone; but by uniting their forces, he 
found that they had a moderate fhare of 
force. He firft took a large glafs con- 
vex upon both fides, fo that the rays of 
the fire pafling through it went out. be- 
hind parallel to each other. Thefe rays 
thus tranfmitted were received upon the 
furface of a concave mirrour behind, 
which reflected them into a focus ; 
however, they could burn only when 
the two inftruments were but four fect 
afunder. So very much are the rays 
df a culinary fire enfeebled by paffing 
through the pores of glafs, while the 
folar rays, on the contrary, feem to lofe 

very 
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very little of-their force. The heat of a 
common fire is thus compofed of grofs 
and mafly parts, while that of the fun is 
penetrating, light, and active. Is it to 
be wondered therefore, that the juices 
which are nourifhed in the vegetable 
world by the folar heat, are light, pun- 
gent, and racy, while thofe which cu- 
' linary heat produces in an hot-houfe, are 
more vapid and lefs highly flavoured? 


Ir a concave burning mirrour be 
placed before a large fire, it gives back ~ 
the heat in a confiderable degree, fo as 
to be fenfibly felt at thirty or forty 
‘paces diftance. But it will not, however, 
be refleéted into a focal point. An in- 
ftrument of this kind might be ufeful 
in kitchens, to reflect, and thus double 
the heat of their fires, A learned 
Dutch writer advifes cook- maids, in ge- 
neral, inftead of the fpherically formed 
mirrours, to make ufe of the true para- 
‘bolic curve ; for then it will reflect the 
rays moft exactly parallel tO Its axig. 

R3 ~ 


or ee eee ee 


wa a. 
ee 


~ eee * eee: SS =e ~~ - 


444 A SuRVEY of 


CHAP. I. 
Of Cold. 


OLD is a quality whofe nature, 

like that of fire, is beft known by 
its effects. Whatever are the properties 
of fire, thofe of cold feem to be dire€tly 
oppofite. Fire increafes the bulk of all 
bodies, cold contracts them; fire tends 
to diffipate their fubftance, cold con- 


-denfes them, and ftrengthens their mu- 


tual cohefion. But though cold thus 
feems, by fome of its effects, to be no- 
thing more than the abfence and pri- 
vation of heat, as darknefs is only the 
privation of light ; yet cold is feemingly 


- pofleffed of another property, that has 


induced many to think it a diftin@ fub- 
ftance from heat, and of a peculiar nature. 
It is univerfally known, that when cold, 
by being continued, contracts and con- 

| denfes 


Experimental Philofophy.  24§ 


denfes fubftances to a certain degree; 
if then its power be increafed, inftead 
of continuing to contract and leffen 
their bulk, it enlarges and expands 
them ; fo that extreme cold, like heat, 
{wells the fubftance into which it enters. 
‘Thus, in fluids, they contract fenfibly 
with cold till the moment they begin to 
freeze ; from thenceforward they dilate, 
and take up more fpace than they pof- 
feffed while in a ftate of fluidity. When 
liquor turns to ice in a clofe cafk, it is 
often known to burft the veffel. When 
ice is broken upon a pond it f{wims upon 
upon the. furface ; a certain proof of its 
being of a larger bulk than fo much 
water. | 


Water, after lofing its fire, by means 
of which it remains in a fluid ftate, be- 
comes more denfe; confequently its par- 
ticles mutually touch in a greater num- 
ber of points, and therefore cohere more 
ftrongly, to a degree, that water turns 
$0 a hard body, commonly called ice, 
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IF a very cold air is in conta& with 
the furface of the water, there it firft 
lofes its fire: and thus the caufe of its 
fluidity being removed, the upper fur- 
face of the water turns to a film or fkin 
of ice, formed by oblong threads or fila- 
‘ments. And this is the reafon why 
water ufually begins to freeze on the 
furface, 3 


As water in freezing becomes more 
denfe after lofing its fire, its mterme- 
diate fpaces or pores become {maller, 
and being filled with air, this air comes 
to be comprefied, and thus its elafticity 
being heightened, it forces out of the 
pores of the water, afcending in it, as 
being lighter than water, in the form of 
{mall bubbles ; and having reached the 
upper film of ice, their efcape is there 
prevented, and thus they run into larger 
bubbles, when come into mutual con- 
tact. And this accounts for the great 
number of air-bubbles obfervable in ice. 
Jf by boiling, or by the air-pump, we 
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difcharge the air out of water, and then 
{et it to freeze, the bubbles, it is true, 
will be fewer, but that it fhall have 
none is not poffible, becaufe the air can 
never be all of it difcharged. 


Anp thus the air forming bubbles in 
ice, muft expand it, and caufe it to oc- 
cupy a larger {pace than water, and con- 
fequently render it lighter, and make 
it float on the water. It fhould there- 
fore feem, that the ice of the water. 
purged of air, fhould be of equal weight 
with it. But experience fhews the con- 
trary.. For fuch ice laid on water floats 
in like manner, though finking much 
deeper in it than other ice. And it is 
not poffible it fhould be otherwife, as 
neither by boiling, nor by the air-pump, 


all the air can be difcharged. 


THE Florentine academicians attempt- 
ing to difcover the extent of the expan- 
fion of water when turned to ice, found 
that the fpace occupied by the water, 

was 
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‘was to that occupied by the ice to which 
it was froze, as 8 to g. Again, they 
took a certain weight of water which 
they fet to freeze, and filling the fpace 
occupied by the ice, with water, and 
weighing it, they found the weight of 
the firft to that of the fecond water, 
as25 to 28.,',. Now 8 is to 9, a8 26 is 
to 285. So that the ratio of 8 to g 


differs but little from that of 35 to 


28 ,',. 


From this extraordinary expanfion of 
water, we may readily conceive why it 
cracks the glaffes in which it freezes. 
Huygens filled a ftout gun-barrel with 
water, fecuring it at both ends, and 
in twelve hours after it burft with a 
loud explofion. The Florentines filled 
a copper ball with water, and filing it 
down gradually, it at laft burft, by the 
water froze in it. Mufchenbroek, by 
calculation, found, that a force of 27,720 
pounds was requifite to tear this ball 
afunder. At Peterfburg, in the winter of 


1749s 
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1749, an iron bomb was burft by water 
turned to ice. And we have inftances of the 
havock produced inthe fubftance of vege- 
tables, trees, and even of {plitting rocks, 
when the froft is carried to excefs. 


FREEZING is carried on much more 
expeditioufly when the water is at reft 
than when it is in motion; it is eafy to 
affign the caufe of this, as the ice is 
carried from one furface to another by. 
filaments, the current is ftill deftroying 
them as foon as formed; and it would 
be as difficult for a fpider’s .web to be 
formed while the wind was breaking 
and blowing the threads that formed it, 
as it is for the froft to fend forth its fila~ 
ments in the proper order, for the ge- 
neral congelation of a river. In very 
great frofts however, rivers thémfelves 
are frozen. I have feen the Rhine frozen 
at one of its moft precipitate cataracts, 
and the ice ftanding in glaffy columns 
like a foreft of large trees, the branches. 
of which have been newly lopt away. 

Bur 
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But though the current of the ftream 
oppofes its freezing, yet a gentle and 
hot wind frequently helps it forward. 
Fahrenhcit aflures us, that a pond which 
_ ftands quite calm, often acquires a de- 
gree of cold much beyond what is fuf- 
ficient for freezing, yet no congelation 
enfucs. - If a flight breath of air happens 
in fuch cafe to brufh over the water’s 
furface, it ftiffens the whole in an in- 
ftant. The water before congelation and 
in its liquid ftate, finks the thermometer 
very low, which fhews itsexceffive degree 
of coldnefs. The moment that by the air, 
or any other agitation, it begins to con- 
geal, the thermometer rifes to the 
ordinary freezing point. The caufes of 
all thefe are infcrutable in the prefent 
‘tate of philofophical experiments. 


"In general, the ice of northern regions 
is much harder than that of the more 
fouthern climates; and though it con- 
tains more air, yet its contexture is much 
{tronger by reafon of the greater degree 
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of cold by which it 1s congealed. The 
ice of Spitzbergen and the Greenland 
{eas is fo hard, that it is very difficult 
to break it with a hammer. In our own 
climate we may, in general, form a very 
juft conjecture, concerning the duration 
of froft by the hardnefs of the ice. If 
in the beginning of the froft, the ice is 
harder and more refifting than ufual, it 
is a fign that the froft will continue long 
in proportion. A machine might with 
a little ingenuity be made, that would 
difcover this hardnefs with fufficient 
precifion. During the hard froft of 
1740, a palace of ice was built at Pe- 
terfburg after the moft elegant model, 
and the jufteft proportions of Auguftan 
architecture. It was fifty-two feet long, 
and twenty feet high: the materials 
were quarried from the furface of the 
river Neva, and the whole ftood glif- 
tening againft the fun with a brilliancy 
almoft equal to his own. ‘To increafe 
the wonder, fix cannons of ice, two 

| bombs, 
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bombs, and mortars, all of the fame mae 


terials, were planted before this extraor- 
dinary edifice. ‘The cannon were three 


pounders, they were charged with gun- | 


powder and fired off; the ball of one of 
them pierced an oak plank at fixty 
paces diftance and two inches thick, nor 


did the piece burft with the explofion *. _ 


In melting of ice, if it be laid upon 
fome fubftances it melts fafter than upon 
others, nor can we aflign any caule for 
the difference ; it melts fooner in a 
filver plate than upon the palm of the 
hand, and it melts fooner upon copper 
than on any other metal whatfoever. Ice 
melts fooner in water, than expofed to 
the air of a fimilartemperature. Sooner 
in water a little warm than near the 
fire when it is hotter. It melts fooner 
in the void, than expofed to the atmo- 
fphere. If it takes twenty minutes 


- @ M.de Mairan Differt fur la Glace. Part, II. Sec. 3° 
Chap. 3. 
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to diflolve in open air, it will be but. 


four minutes diffolving in the exhaufted 
receiver. 


Tuoucn ice be a hard body, yet it 
is fubje& to a conftant evaporation 
when the cold in the air is exceffive. 
Perrault found, that four pounds of ice, 
which lay expofed for 19 days in the 
open air, was lighter by a whole pound. 
M. Mairan, in the year 1716, in which, 
for fome days, the cold was as fevere as 
that of the winter 1709, alfo found 
that ice, which had lain in the air and 
in a northerly wind, had loft in 24 hours 
above a fifth in weight: from which 
we may, at the fame time, perceive the 
reafon, why fnow, lying expofed in a 
continued cold on the earth, becomes 
diminifhed in quantity. 


WE have hitherto confidered cold and 
freezing, as effets arifing barely from 
the abfence of heat. There is, per- 
haps, fomething actual or real in this 

| cale; 
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cafe; poflibly a body, which expels the 
particles of fire out of other bodies, 
while itfelf forces into their pores, and 
thus coagulates the fluid matters; that 
is, conftrains or binds their parts, in fuch ~ 
a manner as to cohere ftrongly toge- 
ther. The difidence which one fhould 
entertain concerning his conclufions, 
gives weight to this thought, and the 
experiments performed with falts will 
enhance it. 


Ir a thermometer is fet in cold water, 
and you remark how far the fpirit finks; 
then throwing in faltpetre, you will ob- 
ferve the fpirit to fink deeper ftill, after 
the faltpetre is diflolved in the water. 
The fame thing happens, if inftead of 
faltpetre, you ufe common falt, or which 
is better, {al ammoniac. 


'. WATER congeals in a glafs which 
is fet in falted fnow: and, if only the 
under part of the glafs ftands in the 
{now, the congelation happens from be- 

low 
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low upwards, and then we may plainly 
rceive the manner in which the air is 
difcharged out of the water. In thig 
eafe, the glafs does not readily {pring or 
fly; but if you cover it entirely with 
falted {now, in order to promote a con- 
gelation all over, and thus prevent the 
difcharge of the air, the glafs flies, 


As heat expands folid bodies, fo cold 
contra&s them, On the expulfion of 
the heat, the parts of the body draw 
clofer together, and thus their matter is 
reduced to a {maller compafs, Now, 
as a body becomes cold on lofing its 
heat, it becomes denfer in the proportion 
of the cold ; and yet not in an infinite 
progreffion, nature fetting bounds to 
both. 


Cotp and heat affect the pendulum 
rod of clocks, the firft contra&ting or 
fhortening, and the laft dilating or length- 
ening it, and thus altering its motion ; 
which is attempted to be remedied, by 

Vor, Il. > a) 
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oppofing expanfion to expanfion, and 
contraction to contraction. . _ 


_ Tron is hardened by cold, upon making 

it firft glowing hot, and then quenching 
it in cold water or moift loam; thefe 
are bodies which quickly deprive iroa 
of its heat; and being thus cooled at 
once, it becomes denfer, tts parts com- 
ing clofer together; and thus touching 
in. a greater number of points, they 
cohere the more ftrongly, and confe- 
quently the iron is made harder. 


Tue Thermometer is the common 
meafure for the degrees of heat and cold; 
- but whether a juft one may be doubted. 
‘And firft, the glafs of the thermometer 
expands with heat, and thus hinders the 
afcent of the fpirit, and contra@s with 
cold, thus preventing its fall. Then, 
in a great degree of cold, the air is dif- 
charged out of the fpirit, and fills that 
part of the glafs which fhould have no 
air, and by its elafticity oppofes the 

rifing 
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rifing of the fpirit. And laftly, it is . 
fuppofed,. though groundlefsly, that the 
heat is proportional to the expanfion of 
the fpirit, though the contrary appears 
by the pyrometer. 


Ir you pour water on a table, and 
place on it a tin plate with falted fnow, 
the plate will be frozen to the table, as 
foon as this fnow begins to melt. For 
as the water is much warmer than the 
falted f{now, the fire muft force out of 
the water into the plate, and from this 
laft into the falted fnow. And thus the 
watcr lofing its heat, turns to ice; and 
on the contrary, the {now being heated, 
muft melt, before which the plate is not 
froze to the table, the particles of fire 
being then gone over into the fnow out 
of the water. This experiment may 
be made, though you fet the plate with 
the falted {now over glowing coals, kept . 
conftantly blowing. On the plate with 
the fnow lay another plate with’ cold 
water, and ftirring with a cane, or any 

S 2 other 
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other inftrument, the fnow will diffolve, 
and ice will be formed upon the water 
in the difh. I have tried it frequently 
without falt, and it anfwers, though not 
with equal efficacy. 


But by this method we can only 
then make ice when we are poffefled of 
{now or ice already: Boerhaave gives 
us a method of making ice without 
them. We mutt have for this purpofe, 
at any feafon of the year, the coldeft 
water we can get; this is to be mixed 
with a proper quantity of falt, at the 
rate of about three ounces to a quart of 
water; another quart of water muft be 
prepared in the fame manner with the 
firft; the falt, by being diffolved in each, 
will make the water, as was faid above, 
much colder than it was before; they 
are then to be mixed together, and this 
will make them colder ftill, Two quarts 
of water more prepared and mixed in the 
manner of the two firft, are to be mixed 
sith thefe, which will increafe the cold 

in 
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in a much higher degree in all. The 
whole of this operation is to be carried 
on in a‘cold cellar; and a glafs of com- 
- mon water is then to be placed in the 
veflel of liquor thus artificially cold, 
which will be turned into ice in the 
{pace of twelve hours. Of all falts, /a/ 
ammoniac beft anfwers this intention. 


Bur of late thete has been a more 
effeftual method of congealing fluids 
than any yet mentioned. It has been 
difcovered, that fluids ftanding in a cur- 
rent of air, grow by this means much 
colder than before: it has been difco- 
vered alfo, that all fubftances grow 
colder by the fluids they contain, or 
are mixed with, being evaporated. If 
both thefe methods therefore are prac- 
tifed upon the fame body at the fame 
time, they will- increafe the cold to 


almoft any degree of intenfenefs we 
defire. 


5S 3 THE 
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Tue Ruffian experiment at Peterf- 
burgh of congealing quickfilver was thus : 
at a time when the quickfilver was 
found to have fallen extremely low, and — 
the cold confequently to be very intenfe; 
the mercury being by De Lifle’s thermo- 
meter, which is beft adapted for meafur- 
ing the degrees of cold, as Fahrenheit’s 
for meafuring thofe of heat; being I 
fay, by this thermometer, fallen to 250 
degrees, they increafe the cold by mix- 
ing the fuming fpirit when it becomes 
red, and being left to cool in fnow, with 
half as much fnow in a common glafs, 
ftirring it till it becomes of the confift- 
ence of pap in the ufual manner, by 
a mixture of fpirit of nitre with fnow; 
the thermometer being dipped into this 
compofition, the quickfilver funk to 
470° degrees. Upon a repetition of this 
experiment, when the mercury (which, 
contrary to the manner of water, inftead 
of dilating, ftill continued to contract 
with increafed cold) funk to s00 de- 
grees, they | broke the glals, and it was 

found 
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found frozen into a hard folid mafe; but 
what is moft extraordinary, it bore the 
hammer like a common metal, and was 
beat into the fhape of an half-crown. 
At laft, however, it began to break, and 
being thawed, recovered its former flu- 
idity. From hence we fee, that the 
{fpirit either of falt or nitre are poffeff- 
ed of the power of cooling liquors in 
a much higher degree than the common 
fubftances in concrete, Common nitre, 
or faltpetre, for they are the fame, finks 
the thermometer to eleven degrees. Spi- 
rit of nitre will be found to fink it eight 
degrees ftill lower, as has been difcovered 
by Fahrenheit. 


§ 4 
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CHAP, Ill. 
OF LIGHT. 


XS by the degrees of cold or heat 
in bodies, we are led to eftimate 

the quantity of fire they contain; fo alfo 
we have another method of affuring 
ourfelves of the exiftence of fire in dif- 
ferent fubftances, by the light they fend 
forth; for wherever there is light, there 
is fire, Heat and light may be con- 
fidered 4$ the children of fire; as kindred 
qualities produced by the fame caufe, 
but fometimes exerting their powers 
feparately, and fometimes united. - It is 
the fame fire, whofe heat burns in the 
melting metal unfeen, and whofe light 
fhines harmlefs in the glow-worm. This 


light, though feemingly inoffenfive,would - 


burn if collected into a {mall compafs, 
like the fierceft flame; but no inftruments 
that art has yet found out, are able to 
Bive its parts a fufficient confiftence. 

The 
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he ame which hangs over burning 
{pirit of wine, we all know to {corch 
with great power; yet thefe flames may 
be made to fhine as briglit as ever, and 
yet be perfectly harmlefs. This is done 
by placing them over a gentle fire, and 
leaving them thus to evaporate iti 4 clofe 
room without a chimney: if a perfon 
‘fhould foon after enter with a candle, 
he will find the whole room filled with 
innoxious flames. The parts have been 
too minutely feparated, ahd the fluid 
perhaps has not force enough to fend forth 
its burning rays with fufficient effect. 
However this be, we may fafely con- 
clude, that the parts of fire may be fo 
feparated, as to become harmlefs, arid 


yet they may retain all their former 
fplendour. 


Since we thus fee light and heat are 
the moft obvious indications of fire, we 
have no reafon to doubt, but that the 
fun, who is the great fountain of both, 
js itfelf one large body of that eleiment. 


In 
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In what manner that great fiery mafs 
is fed, with continuing fuel to keep up 
his force, is a queftion equally ufelefs 
and impoffible to be refolved ; whether 
comets travel from other fyftems with | 
a provifion of this nature, or whether 
the etherial vapours come from all parts 
with their fupply, is not worth enqui- 
ring after. He that made the comet {weep 
through immeafurable tracts of {pace, 
could with equal eafe give permanent 
fire to the fun: we feel the conftancy of 
his flame, and can fee fcarce any dimi- 
nution of his fplendour. It is enough 
for philofophy to inveftigate the nature 
of this heat and light; the things with 
which man has the neareft concern, 
fhould be the chief objects of his cue 
riofity. 


SETTING afide other fyftems therefore, 
we know that the rays of the fun’s light 
and heat are darted foreward from his 
body in ftraight lines. If wé make a fmall 
hole in a dark room, and permit a ray 


of 
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of the fun’s light to enter, we fhall fee 
it dart againft the oppofite part. of the 
wall or floor, in the ftraighteft line. 
‘Did the beams of the fun diffufe them- 
felves in any other manner, for inftance 
as water or air are known todo, the ray, 
upon once entering the room, would 
foon fill the whole chamber with light: 
but this we know to be contrary to 
every hour’s experience. The rays of 
light therefore dart dirc@tly forward 
from the fun, and reach our earth with 
the {wifteft progreffion. It might by the 
uninitiated be thought a tafk beyond 
the reach of human abilitics to calculate 
exactly, how long a ray of light is up- 
on its journey, in travelling from the 
fun to enlighten our hemifphere. Yet 
this has been attempted by Romer, who 
finds that light travels at the rate of an 
hundred and fifty thoufand miles in a 
fingle fecond; and that it is feven mi- 
nutes in paffing from the fun to the 
earth, which is nearly a diftance of 
feventy millions of miles. The ftudent 
oe may 
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may defire to know how he made this 
calculation, it was thus: 


WuHEeEn the earth in going its annual 
tevolution round the fun is at C, (fee 
fig. 57.) an eclipfe is obferved of a fatel- 
lite of Jupiter, which thus regularly 
{fuffers eclipfes every forty-two hours 
and an half. If thé earth never left C, 
but continued there immoveable, it would 
tegularly fee the fatellite eclipfed at the 
éxpected interval of forty-two hours and 
an half: and alfo at thirty times that 
number, the fpectator would fee thirty 
eclipfes. But the earth is not fixed; it 
travels onward to D, and a fpettator 
does not fee thirty eclipfes in the ftated 
period, and not till fome minutes after; 
for the further off the earth removes, 
the light takes fo much time to travel 
acrofs the annual orbit from C to D. 
From C to D it takes up about fixteen 
minut¢s in travelling. Now the fun is 
nearly half-way between C and D, and 
therefore the light travelling from him, 

muft 
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muft perform its journey in half fix- 
teen, that is, in eight minutes, or there- 
abouts. 


SucH is the rapidity with which 
thefe rays dart themfelves forward, that 
a journey, they perform thus in lefs than 
eight minutes, a ball from the mouth 
of a cannon would not complete in 
feveral weeks. But here it may be 
faid, if the velocity of the light is fo 
very great, how is jt that it doth not 
ftrike againft objets with a force equal 
to its f{wiftnefs? If the fineft fand, 
the objector may continue to dbferve, 
were thrown againft our bodies with the 
hundredth part of this velocity, each 
grain would be as fatal as the ftab of a 
ftiletto: how then is it, that we expofe 
without pain, not only other parts of our 
bodies to the incurfions of light, but our 
eyes, which are a part fo exquifitely 
fenfible of every impreffion? To an- 
{wer this objection, experiment will in- 
form us, that the minutenefs of the 

parts 


~a 


268 A Survey of 


parts of light are ftill feveral degrees 
beyond their velocity ; and they are 
therefore harmlefs, becaufe fo very fmall. 
A ray of light is nothing more than a 
conftant ftream of minute parts ftill 
flowing from the luminary, fo incon- 
ceivably little, that a candle, in a fingle 
fecond of time, has been faid to diffufe 
feveral hundreds of millions more par- 
ticles of light, than there could be 
grains in the whole earth, if it were 
entirely one heap of fand. The fun 
furnifhes them, and the ftars alfo, with- 
out appearing in the leaft to confume, 
by granting us the fupply. Mufk, while 
it diffufes its odour, waftes as it perfumes 
us; butthe fun’s light is diffufed in a 
wide fphere, and feems inexhauftible. 


His rays travel onward without hin- 
derance or mutual interruption; winds 


‘meet and deftroy each other’s force, but 


the rays of light never oppofe their 
mutual progrefs. If we place a row 
of candles (fays the fenfible Mr. Fer- 

gufon) 


Experimental Philofophy. 26g 
Fergufon) on a table, and let them dart 
rays through a pinhole in a picce of 
black paper, thefe’ rays being received 
upon any object not too far off, will be 
formed into as many fpecks of light, as 
there are candles ; each {peck being dif- 
tinct and clear, the rays from one candle 


- being no way deftroyed, by any interrup- 


_ tion of thofe from another. The rays of 


a torch may be overpowered, and feem 
loft in the brighter rays of the fun, yet 
ftill the fmaller candle atually fhines 
with undiminifhed radiance; as we may 
fee by looking at it by night and by day 
through a telefcope. 


As light is thus driven. forward in 
rays from a center, it muft decreafe, as 
all rays do, in proportion as the dif- 
tance {quared becomes greater. Gravity, 
founds, and light are, in this refped,. 
fimilar ; a luminary that enlightens the 
mountain’s fide at a mile diftance, will 
illuminate four times as feebly at two 
miles diftance. If I can but juft read 


I with 
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with a candle placed a yard from me, 
_ I muft have four candles if they are 
placed two yards off. Jn a word, the 
quantity of light decreafes inverfely ag 
the {quare of the diftance. 


To make any body vifible, it is ne- 
ceffary that the rays of light fhould fall 


upon it; otherwife it wil] paint no image - 


on the eye, nor tranfmit any but that of 
darknefs to the ming. Objects placed 
in a dark room cannot be feen; but 
if the fath be lifted up, and the light be 
thrown in a greater quantity, we may 
have a confuyfed idea of the figure of the 
furniture; however, until the room be 
entirely illuminated, and the rays that 
fall on every object be reflected back to 
our eyes, we can have no diftin@ per- 
ceptions. For this reafon, a perfon who 
remains himfelf in the dark with an 
hole to peep through, can fee all objects 
without, becaufe their rays can be re- 
flected to his eye; but, as was faid be- 
fore, he cannot from without fee clearly 

i into 
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into a dark room, becaufe there are too 
-{mall a number of rays fent from thence 
to form the picture of the object in his 


eye. 


Wuen I ufe the word Picture, it 
fhould be underftood in the moft literal 
fenfe. Every obje@ that we behold 
has its picture drawn moft exactly, and 
in colours far beyond the reach of art, 
on the back part of. the eye. To be 
convinced of this, we have only to take 
the eye of an ox or fheep, and ftripping 
off all the coats to the laft internal one 
behind, place it fo in the hole in the win- 
dow fhutter of a dark room, fo as that no 
light whatfoever fhall enter but through 
the eye itfelf thus prepared. Then 
taking a theet of white paper, and hold-~ 
ing it nearer or farther off behind the 
eye, the fpectators will perceive a moft 
beautiful picture of the objects without 
thrown upon the paper, through the 
humours of the eye. Every objet, 
however, will be inverted upfide down 

VoL, UI, T upon 
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upon the paper, or, as the vulgar ex- 
prefs it, they will all ftand upon their 
heads, the caufe of which demands ex- 
planation. 


But before ‘we enter into a more 


minute illuftration of the manner in 


which vifion 1s performed, we muft ex- 
plain more minutely the nature of light 
itfelf, by which the eye is thus made 
capable of feeing. . 
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CHAP Iv. 
Of the Refraétion of Light. 


E have feen that the parts of 

light are extremely f{mall, and 

flow from the fan with inconceivable 
rapidity. We obferved alfo, that they 
darted from that great luminary in 
ftraight rays ; but this 1s not entirely the 
cafe, for the rays may be bent into crooked 
lines by paffing through tranfparent bodies 
of different denfities. We feea ftick when 
put into water, appear as if it were 
broken, at the furface of the water, in 
two. We fee through fome glaffes 
bodies appear enormoufly large, and 
through others they appear extremely 
little. Through fome they feem near, 
and through others remote. From 
whence arife thefe ftrange appearances, 
or what is the caufe which thus bends 
the ftraight ftick feemingly into a curve; 
apparently that magnifies the bulk of: 
one objet, or diminifhes that of ano- 
| T2 - ther? 
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ther ? All thefe wonders arife from the 
fame caufe ; the rays of light, in pafling 
through different tranfparent fubftances, 
take different direCtions. To explain this: 


PHILOSOPHERS have agreed to call 
any tranfparent body, through which 
light paffes a mcdium. Air is a medi- 
um; water, glafs, diamonds are medi- 
ums; wherever light pafles, though it 
be a vacuum itfelf, they call that a medium. 
Now, while the rays of light dart through 
any medium of uniform denfity, they 
are ftraight; but when they pafs o- 
bliquely through one mediym into ano- 
ther, then they are refradc?ed, broken, 
or driven out of their right lined courfe 
intg.a crooked direction. As a ftraight 
{tick one half in the medium of water, 
and the other half in the medium of 
air, appears broken in two, juft where 
the two mediums unite. | | 


To fhew that a ray of light is thus 
refracted by pafling from air to water, 
oo an 
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an eafy experiment will fuffice. Let a 
fun beam be permitted to enter into the 
room by an hole ; but it is not neceflary 
that the chamber fhould be darkened for 
this purpofe. Then fet an empty veflel, 
as AB (fee fig. 58) in fuch a pofition, 
that the ray fhall firft glance upon the 
edge of the veffel, and then fall upon 
the bottom. Put a fhilling at the bot- 
tom E. where the ray falls; then fil 
the veflel. with water. We fhall. find 
that then, the ray will not fall upon 
the fhilling at E, but fall nearer under 
the edge B GC. So-that the ray will 
now fall more perpendicularly to the 
furface of the water, than it would if 
it had fuff ered no refraction. 


| As the ray is thus refraéted or broken 
more into the perpendicular, in paffing 


_ from the air into the water, fo will it be 


refracted, in a contrary way, in paffing 
from water intoair, For, let us fuppofe, the 
veffel once more empty, and the fhilling 
at E hiding its rays from the. {pectator’s 
T 3 eye, 
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eye, at F. If the veffel be then filled 
with water, the rays of light, now pafling 
from the denfer medium of water into the 
thinner medium of air, will firft mount 
up almoft perpendicularly to C. and then 
getting into the air will pafs more ob- 
liquely forward to hit the fpectator’s 
eye. So that the fhilling will thus be- 
come vifible. Juft thus the fer- 
rel of my cane, if put into the water, 
would appear raifed, like the fthilling ; 
and therefore, if the ferrel be raifed, the 
other parts of the cane that are in the 
water, muft alfo be raifed nearer to the 
eye, fo that it will appear broken in two, 
juft where the air and water meet. 
Thus then, we have feen that a ray of 
light, paffing from a thinner medium 
into a denfer, as from air into water, 
is refradted more dire@ly downward, 
or more perpendicularly to the furface of 
the denfe medium. On the contrary, 
the ray, pafling from water into air is, 
upon its entrance into the air, fent for- 
ward more obliquely.: Hence then, we 

am may 
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may univetfally concludé, that the 
denfer the medium, the more perpen- 
dicularly to its furface are the rays of, 
light refracted. To give the learner 
the moft difting& ideas poflible of this, 
we faid, the refraction of light was great- 
eft in the denfeft mediums. Suppofe 
the ray AE (fee fig. 59) falls upon a 
vafe of water, it is refracted from the 
ftraight line at the furface of the water 
to D. Let us fuppofe the perpendicular » 
BEC drawn to the furface of the wa- 
ter, the ray of light A E makes an 
angle with the perpendicular B, It alfo 
makes a different angle with the fame 
perpendicular, in going from E to D, 
The difference between thefe two angles 
is that which meafures the greatnefs of the 
refraction of the ray. The two angles 
always bear a conftant proportion to 
each other. The greater the angle AB, 
the greater will be the angle DC. To 
know the names ufed tn {ctence is, at 
laft, become a part of feitence. ‘The 

T 4 angle 
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angle B A thus made by the perpendi- 
cular and the ray, before refraction, is 
called the angle of incidence. ‘The an- 
gle D C, made by the fame lines, after 
refrdQion, is called the angle of re- 
fraction. 


Now then, a ray of light pafling 
from air to water, is found by expe- 
rience to have its angle of incidence BA, 
bearing the fame proportion to its angle 
of refraction D C as three does to four ; 
or in other words, it is a fourth part 
greater in the air than in the water. In 
glafs, the angle of incidence is a third part 
greater than the angle of refraction, the 
proportion being about three to two. 
Diamond refracts moft of all, the an- 
gle of incidence being three times greater 
than the angle of refraGtion. 


From hence then we may be affured, 
that the denfer the medium, the more per- 
pendicular 
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pendicular does a rdy of light, falling on 
its furface obliquely, pafs through it; 
that is, it takes the fhorteft way. It 
takes a fhorter cut in pafling through 
diamond than. glafs, and through glafs 
than through water; fo that we fee, the 
denfer the body the more readily it per- 
vades them. This is very extraordinary, 
and very different from the nature. of 
other bodies, pafling through obftruct- 
ing mediums. If I fhould throw a 
leaden bullet obliquely into the water, 
it would not reach the bottom in the 
direction I had given it, but the water 
would in fome meafure keep it buoyant, 
and it would come with a greater flant 
to the bottom. But it is very different 
with a ray of light; when it darts ob- 
liquely on the furface of the water, it 
then begins to defcend more perpendi- 
cularly downwards. What can be the 
caufe of this extraordinary diverfity in 
the operations of nature? Several phi- 
lofophers have attempted this folution in 
vain : 
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vain: Newton attempted, and it no 
longer appeared a fecret. The caufe of 
light being thus perpendicularly re- 
fracted by the moft denfe mediums, is, 
that the parts of it are moft attracted 
by the moft denfe mediums. All bodies 
as we well know, attra and are attract- 
ed in proportion to their quantity of 
matter. The light, from its minutenefs, 
paffes with equal eafethrough the hardeft 
diamonds or the fofteft air; it meets in 
the denfeft mediums nothing to retard 
its progrefs, but much to increafe its 
celerity, for it obeys the influence of 
their fuperior attractions. Every inftant of 
its defcent or progrefs through the denfer 
mediums, it feels new influence from 
the attracting power. A bullet thrown 
from the hand obliquely into water, goes 
downward yet more obliquely; for the 
water in fome meafure, takes off from 
its natural gravity and keeps it buoy- 
nant: a ray of light, on the contrary, 
darting obliquely upon the water, has 

the 
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the obliquity of its fall interrupted by 
attraction, and confequently falls more 
perpendicularly down; though, rigor- 
oufly fpeaking, the ray, in its defcent 
through water or glafs, is not refracted 
from the furface to the bottom in a 
ftraight line, but a crooked one; fo 
that the line from E to D ai fig. 60.) is 
an abfolute curve. 


THAT bodies have this power of at- 
tracting the rays of light, may be known 
from the following eafy experiment. 
Set a {mall pointed penknife ftanding with 
its point upward ; (fee fig. 61.) let the 
room be made perfectly dark, and a ray 
of light be permitted to glance in, fo as 
juft to touch the point of the penknife: 
the ray, upon touching the metal will 
bend itfelf in fuch a manner, that the 
part of it which is neareft the point, 
will be moft refracted, and that fartheft 
from the point, will fuffer the leaft re- 
fraction; a proof, that the metal attracts 

thofe 
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thofe neareft it with the greateft force. If 
the point thus can refract the rays by its 
attracting power at a {mall diftance, any 
denfe fubftance through which they pafs 
muft more powerfully attract them, as 
the diftance is nothing. 
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CHAP. V. 
Of the Paffage of Light through Gla/s. 


E have feen the manner in which - 


water refracts the rays of light 
that pafs through it; but the confide- 
ration of that part of the fubjedt, 
though pleafing, is only a matter of cu- 
riofity ; an inveftigation of the man- 
ner of its refractions through glafs is 
connected very nearly both with our 
neceffities and pleafures. When a ray 
of light paffes out of air into glafs, its 
angle of incidence is to its angle of re- 
fraction, as we faid above, as three to 


two; that is, the angle of incidence is a 


third part larger than that of refraction : 
upon this fingle principle dépends the 
whole theory of vifion through glafles. 


Glaffes are ufually ground by the 
glafs-grinders who deal in this fubjed, 
into eight different fhapes. For firft, 
the glafs may be flat on both fides, as 

| | the 
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the common pane of a window. Or 
edly, it may be flat on one fide and 
convex on the other, BA (fee fig. 62) 
Or, 3dly, it may be convex on both fides, 
like our ordinary reading glaffes, C. Or, 
4thly, it may be flat on one fide and 
concave on the other, as D. Sthly, It 
may be concave on both fides, like the 
gilafs near-fighted people generally ule, 
as E. 6thly, It may be concave on one 
fide and convex on the other, like the 
cryftal of a watch, though not in fuch 
a degree, as F ; this is ufually called a 
menifcus. 7thly, It may have one fide, 
which muft be convex, ground into little 
facets, like thofe of fome jewels, while 
the other fide is plain. Children know 
it by the name of a multiplying glafs, 
as G. 8thly, A prifm, which from its 
importance in explaining feveral pro- 
perties of light to be mentioned in the 
fequel, I fhould have named firft. The 
_ prifm is a longifh piece of glafs which 
has three flat fides, befides the two ends. 
I do not well know, even by a cut, how 
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to give the learner an idea of its figure, 
A three fquare razor ftrap, as the vulgar 
exprefe it, will give a refemblance of 
the prifm. I have feen the fhank-of a 
large drinking glafs taken and ground 
down, fo as to have three flat fides, 
which anfwered all the purpofes of a 
prifm tolerably well. All thefe glaffes 
mentioned above, are called by the com- 
mon name of Lenfes; | 


THE more obliquely a ray of light 
falls upon any one of thefe, as we faid 
before, the greater will be the angle of 
incidence, and confequently greater will 
be the angle of refraction, If, therefore, 
the folar rays fall upon one of thefe 
glaffes with a furface not quite flat, but 
jrregular, it is very evident that the fame 
rays will fall with different obliquities 
upon thefe different furfaces, and confe- 
quently be differently refracted, or bent, 
in their paflage through the glaffes. 
Let us illyftrate this in every particular 
giafs, 


A ray 
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A ray of light A BC falling (fee fig. 
63) perpendicularly on a plain glafs, is 


never refracted ; but if it falls obliquely | 


it will be refracted upon its entrance into 
the denfer glaffy medium, and be again 
refracted upon its exit from behind the 
glafs into the air, It will alter its di- 
rection as it goes into the glafs; but 
upon going out, it will: refume the 
fame direction with which it entered. 
Thus it will be refraéted in the line BC, 
upon entering; ‘and upon going’ out 


will be again refracted in the line CD, 


Ir feveral rays of light fall together 
on a glafs E D, convex on one fide (fee 
fig. 64) they will be differently ‘re- 
fracted, in proportion to the obliquity 
with which each of them falls upon the 
furface. The middle ray, for inftance, 
which paffles perpendicularly through, 
will not be refracted at all, but. go on 
ftraight forward. All the other rays, 
however, will fuffer refraction. - The 
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ray CE will be refracted upwards to F ; 
the ray A D will be refracted downwards 
to the fame point. There they will 
crofs, and then go onward, diverging 
or feparating from each other for ever; _ 
that which came from the bottom going 
upward, and that which came from the 
top downward. The figure we have given 
there is flat, but it muft be fuppofed 
- round, the glafs being reprefented edge- 
ways. If fo, therefore, the collected 
bundle of rays, pafling through the glafs, 
unite and form a cone, or a figure likea 
candle extinguifher, the bottom of which 
is at the glafs, and the point at F. This 
point, as we once before had occafion 
to mention, is called the focus of the 
glafs. From a calculation in deep geo- 
metry we learn, that the diftance from 
this point is always equal to the dia- 
meter of the circle which the glafs 
would make if its convexity were con- 
tinued. 


VoL. II. U WHEN 
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WHEN the rays of the fun fall di- 
rectly upon a glafs DE (fee fig. 65) 
equally convex on both fides, they will 
be refracted ftill more abruptly, and 
meet fooner in a point or principal 
focus at F. The diftance of this focus 
is, we are informed by the fame abftrufe 
calculation, equal to the femi-diameter 
of the circle, which the convexity of the 
glafs continued would make. Either 
this glafs or the former, as they collec 
the rays of the fun into a point, will 
burn at that point, fince the whole force 
of the rays is concentrated there.. Their 
furprifing power in this way we have 
had occafion to mention before. The 
broader the glafs in thefe inftruments, 
the greater will be its power. : 


As _ parallel rays, ftriking upon thefe 
glafles, are thus converged toa point, 
it muft naturally follow, that when the 
rays, diffufing themfelves from a point, 
as from a candle, ftrike one of thefe 
glafies, they will be refracted parallel. 

If, 
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If, therefore, we place a candle at a fo- 
cal diftance from one or both of thefe 
glaffes, as at f, its rays will, upon. going 
through the glafs, all run parallel to 
each other. ' If the candle be placed 
nearer the glafs than its focal diftance, 
the rays, after pafling through the glafs, 
will no longer run parallel, but feparate 
or diverge: if it be placed further off, 
the rays will then ftrike the glafs more 
parallel, and will therefore, upon paff- 
ing through it, converge or unite at 
fome diftance behind the glafs. 


Bur it is very remarkable, that where 
thefe rays fall, as in the folar rays, they 
not only unite, but they alfo form an 
inverted picture of the flame of the can- 
dle, as may be feen ona paper placed at 
the meeting of the rays behind! How 
the image is inverted is cafy to appre- 
hend ; for we obferved above, that the 
upper rays, after refraction, were fuch 
as came from the under part of the lu- 
minous body ; and that the under rays, 

U 2 On 
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on the contrary, came from its top: fo 
that the rays are turned up-fide down, 
and {6 confequently 1s the image. It is 
very pleafing to view a picture of this 
kind thus formed, each ray preferving 
the colour itehad in the luminous obje&, 
with the moft imitative precifion. The 
fhadings of the little piece are far be- 
yond the reach of art, and the defign 
_far more correct than that of the fineft 
painter. We mention the candle as being 
an obvious luminary; but if any obje& 
whatfoever be placed at the proper di- 
ftance from a convex glafs, its picture 
will be in the fame manner thrown be- 
hind, and may be received upon paper, 
or any other body whatfoever, in all its 
natural proportions and colourings. The 
nearer the natural object is to the re- 
fraGting glafs, the farther off will this 
“picture be behind it; becaufe, as we 
faid before, the rays which form it do 
not then converge or unite, but at a 
great focal diftance. The farther off 
‘the natural objet. is, the nearer will be 
the 
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the focal diftance it makes, and confe- 
quently the nearer will be the picture 
behind the glafs; for wherever the fo- 
cus is, there will the perfect picture be. 
However, when the rays come from feve- 
ral objects at a moderate diftance, they 
may be then confidered as all parallel, 
and this difference of focus is then im- 
perceptible. 


To put what has been faid in other 
words — As the rays of the fun may 
-be all confidered as falling parallel upon 
every glafs of the convex kind, fo they 
muft always unite behind it in a focal 
point. As’ all the rays flowing from 
other objets are not always parallel, 
when placed too near the glafs, they 
feparate after refraction, and run off 
divergent; when placed at a proper di- 
ftance, they unite or converge in a fo- 
cal point, and there imprint a picture, 
if there be any thing properly placed to 
receive it, in which the natural figure 

U 3 will — 
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will be reprefented, its motions, its co- 
lours, and fhadings. 


THE whole foregoing theory may be 
demonftrated with a common reading- 
glafs. If a candle is held fo near it, as 
that the rays pafling through hall ftrike 
the wainfcot of the chamber with a bright 
{pot, juft as large as the glafs itfelf, the 
candle is then at the focal diftance; and 
rays, ftriking the glafs divergently, are re- 
frated through it, parallel to each other, 
neither fpreading nor drawing together 
as they proceed. If the candle is held 
nearer than the focal diftance, the rays 
will fall then more divergent upon the 
glafs, and will confequently be refracted 
more divergent, fo that they will form 
a very broad {pot of light upon the wain- 
{cot. If the candle be placed at a much 
greater diftance than the focus, the rays 
fall upon the glafs more parallel, and 
confequently when they are refracted 
wil] tend to unite and converge behind 

the 
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the glafs, and will form but a fmall 
{peck of vivid light on the wainfcot. 
This {peck, ifclofely examined, will ap- 
pear a perfect picture of the candle. - 


Every vifible point, in any body 
whatfoever, may be confidered as a can- 
dle fending forth its ray, which fplits and 
pencils out into feveral other rays before 
it arrives atthe eye. Each body is as if 
compofed of an infinite number of {plen- 
did points or candles, each point with 
its own radiance, and diffufing itfelf on 
every fide. Inftead of one body, the eye 
in faé&t is impreffed with thoufands of 
radiant points fent out from that body, 
which being grouped at the bottom of 
the eye, imprint the picture of the ob- 
ject from whence they flow. Each 

point fends forth its ray. 


Now, if, inftead of candle light, we 
ufe that of the fun, by holding this glafs 
oppofite his beams, as thefe all ftrike 
the glafs parallel to each other, they 
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will be united -foon into a focus behind, 
and where they unite will burn with 
great fiercenefs. Suppofe we adapt this 
glafs, fo as to fit an hole in the window-- 


fhutter of a darkened chamber, fo as that © 


no light fhall come into the room but 
through the glafs ; then letus place a fheet 
of white paper behind it at the proper di- 
ftance, we fhall thus have a camera obfcura; 
for a picture of every external objeé will 
‘pafs through the glafs, and be painted 
upon the paper in the moft beautiful 
colours that imagination can conceive, 
and all the motions of thofe objects alfo. 
‘It is necefflary, in this experiment, that 
‘the window fhould not be oppolite the 
fun; for then we fhould fee no image 
‘but that of his brightnefs ; and yet it 
is neceflary alfo, that while we make the 
experiment, the fun fhould fhine and il- 
Juminate the objets ftrongly, which 
are to paint themfelves within. With- 
out this ftrong illumination, the rays 
will be fent fo feebly from every object, 

that 
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_ that we fhall have but a very faint pic- 
ture, if any at all. 


PAINTERs and architeéts often make 
ufe of a fimilar contrivance to take a 
draught of landfkips or buildings : their 
glafs 1s fixed in a box, and by means of 
a mirrour, on which the objets fall, 
they are reflected upon oiled paper pro- 
perly placed, upon which the artift 
fketchés his draught. With regard to 
_the contours, or out-lines, which this 
picture ‘gives, nothing can be more ex- 
act; but, with regard to the fhading and 
colouring, the artift can expect but little. 
-affiftance from it :' for, as the fun is every 
Moment altering its fituation, fo is the 
landfkip every moment varying its fhade ; 
and fo f{wift is this fucceffion of new 
fhade, that while the painter Is .copy- 
jing one part of a fhade, the other part js 
loft, and a new fhade is thrown upon 
fome other object. 


Ir 
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Ir fuch a glafs be fo fitted to an hole in 
a dark lantern, fo that little pictures, 
painted in tranfparent colours on pieces. 
of glafs, may be pafled fucceffively along 
between the glafs and the candle in the 
lantern, we fhall thus have a magic lan- 
tern. The pictures, ftriking the glafs 
very divergent, will be refracted ~=ry 
divergent alfo, and will be painted upon 
the wall of the chamber in all their co- 
lours, as large as we pleafe to make them ; 
for the farther the wall is from the glafs, 
the more room will the rays have to di- 
verge. To illuminate the little figures 
more ftrongly, another glafs muft be 
ufed, which may either refle& or re- 
fract the light of the candle upon them. 


But of all the optical inftruments 
that we know, thofe made by art are 
nothing to the natural one of the eye, 
which has its convex glaffes, and diffe- 
rently refra€ting mediums, all adjufted 
in the moft admirable order, while a 
fine tapeftry is hung behind to receive 

the 
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the image from without. But, to quit 
tawdry common-place obfervations, let 
us defcribe the eye itfelf, and trace 
Nature through her various operations 
in that wonderful piece of mechanifm. 


CHAP. 
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C H AP. VIL 


Of the Eye. 


HE eye is nearly globular, as we 
may eafily obferve by the eyes of 
fheep or oxen when taken out of the 
head. But it is not perfe@tly round ; ~ 
for, if I may ufe the expreffion, it blif- 
ters out a little before, as at E, (fee 


— fig. 66.) 


WE all know that the eye of an ox is 
compofed of an external coat or {fkin, 
which, like a bladder filled with water, 
contains a fluid within it. This ex- 
ternal coat is made up of three coats, 
one without the other, like the bark of 
a tree, which may be feparated into 
three coverings; and the fluid within 
alfo is eafily diftinguifhed into three 
tranfparent humours of different denfi- 

ties, 
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tics; one of them as thin as water, the 
other like jelly, and the third as hard 


as gum arabic. 


Bur firft as.to the three coats of the 
eye. When we take the eye of an ox 
from the head, we firft find an outward 
flefhy fkin almoft covering the ball of 
the eye, which does not properly be- 
long to it, bu€ to the fkull. It is not 
reckoned among the coats of the eye, 
although it makes what we call the 
white of the eye. Now then, this mem- 
brane being taken away, there are under 
it three proper coats belonging to the 
eye. The outward coat is called the 
fclerotica, a finer coat next this is called 
the choroides, and the moft internal of 
all is the retina, which covers -chiefly — 
the internal back part of the eye. The 
-outward coat, or /clerotica, is tranf{pa- 
rent, like horn, on the fore~part-of- the 
‘eye, and that part of it is therefore 
called the cornea, or horny-coat. The 
cornea is reprefented by D ECG, . The fe- 

3 cond 
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cond coat, or choroi:des, does not line 
the cornea, as it does the other parts of 
the upper coat, but leaves a paflage be- 
fore for the light to enter, Opening in a 
fort of mouth, which is gathered or ex- 
panded by little fibres, which open it 
or contract it, as running ftrings do the 
mouth of a purfe. Thefe fibres are 
called the z7zs, and may be feen through 
the tran{parent cornea, and they alfo give 
the denomination of colour to the eye. 
Whenever there comes too much light 
_ to the eye, the circular fibres of the 
aris contract the opening ; whenever the 
light is rather wanted, the radial fibres 
of the zrzs, on every fide, draw the 
hole more open. The little hole, which 
the zris thus contracts or dilates, is no 
other than the pupil or fight: that little 
black f{peck, which we fee fo fhining in 
every eye, and which we know to be 
fometimes larger and fometimes lefé. 
The moft internal coat is the retina: 
this lies at the back of the eye, and fome- 
what ‘refembles a f{pider’s web. 

THE 
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Tue coats of the eye being thus dif- 
pofed, the fluid within is diftinguifhed 
in the following manner. In the fore- 
part of the eye, juft behind the cornea, 
lies a fine tranfparent fluid like water: 
it gives that protuberance to the eye on 
the fore-part, which was mentioned in 
the beginning, and fills up the cavity 
mm and nz. Farther backwards lies 
the cryftalline humour L L, of the 
confiftence of gum arabic, and pretty 
much fhaped like a {mall horn-button 
mould: it ftands with the moft convex 
fide backwards, and it is fometimes 
brought forward a little by fibres, called 
the Ciliary Circle, which go round its 
edges like a hoop. Hindmoft of all the 
humours lies that called the Vitreous 
Humour, KK, of the confiftence of a 
jelly, perfectly tranfparent, and in great 
quantity, filling all the back part of the 
eye. Now then, if we have a clear idea 
of the foregoing defcription, we muft | 
know, that the aqueous or watery hu- 
mour lies foremoft in the eye, that the 


hard 


302 A SURVEY of 


hard cryftalliné humour ftands farther 
back, by being placed behind the pupil, 
or hole of the eye, as we would fix a 
glafs behind the hole of a window- 
fhutter in a darkened room. Behind this 
is the vitreous humour, filling the whole 
backward apartment of the eye. If we 
expofe a fheep’s eye in an hard froft to 
one night's freezing, the next morn- 
ing all the humours of the eye will be 
frozen, and we may witha fharp knife 
cut the icy globe in two parts; by 
which means we fhall have the moft di- 
ftin& view of the three humours, ag 
they lie within their external covering. 


Ir by this time the reader has fome 
idea of the ftructure of the eye, the na- 
ture and manner of vifion will be eafily 
conceived. As every point of every vifible 
obje& fends forth rays that’ ftrike the 
eye, let us fuppofe a vifual ray coming 
from the upper point of the external 
objet AB. This, like all rays coming 
from a point, will diverge and feparate 

as 
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as it goes along, and when it arrives 
at the cornea of the eye it will be f{pread 
upon its furface. Here, however, it is 
refra@ted by the aqueous humour, and 
thus it will be converged into a compafs 
{mall enough to pafs through the pupil, 
behind which it falls upon the cryftal- 
line humour where it is ftill more re= 
fracted; fo that by the time it has 
pafi ed thence it is nearly collected 
into a focal point, but ftill converg- 
ing yet more as it proceeds through the 
vitreous humour, it will at laft fall upon 
the back of the eye in a point: and 
thus there will be as many points formed 
on the back of the ‘eye as there weré 
vifual rays fent from every part of the 
object ; fo that the whole picture of the 
objec will be formed on the back part 
of the eye. The pofition, however, 
of the object will be inverted, the bot- 
tom rays being refracted uppermoft and 
inverfely, as, we more than once had 
occafion to mention. The picture being 
thus formed, it is painted on the back part 
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of the eye, or the retina, which is only 
a fine expanfion of the optic nerve, that 
is inferted towards the back part of the 
eye. This nerve runs to the brain, 
and by that means all its pictures are 
conveyed to the common fenfory. 


Ir has been a fubje&t of great inquiry 
to aflign the caufe how we come to fee 
every objet in its natural upright po- 
fition, when we know it to be inverted 
on the organ of fenfation. How when 
Nature draws the picture the wrong way, 
we fo readily correct her errors and 
place it right again, even without being 
confcious of our rectitude. To folve 
this, fome fay that we certainly fee every 
object the wrong way, but that our 
judgment firft corrected the error, and 
habit corrects it in fucceffion. To cor- 
rect this error at firft, demanded an 
effort of the mind; but -conftant cuf- 
tom at length grew a fecond na- 
ture, fo that, in a fhort time, our cory 
re€tions became mechanical and in- 

5 ftantaneous. 
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ftlantaneous. Judgment corrects fo often, 
that it forgets that it corrects at all. As 
the motion of a tradefman’s arms are firft 
acquired by ftudy and art, after a time 
he becomes infenfible of their exercife, 
and even in his very walk, they often, 
againft his will, betray his profeffion ; 
fo, fay they, we have taught our eyes 
the art of feeing differently from what . 
they would i in a ftate of nature, 


Tuts i 18 but a weak ~ of accounting 
for the caufes of things. According to 
them we are under continual deceptions ; 
how then cin we trift our judgements 
that what fhey tell ud is not a deception? 
The truth is, if there be any real refem- 
Biante between things and our fenfa- 
tions ; as the image is inverted in pafling 
through the humours of the eye, why 
midy it riot as well be again inverted 
in its paflage from the optic nerve to the 
brain, the picture on the eye is im- 
material in this confideration; the pice 
ture on the brain or common fenlory is 

X 2 all 
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all that we fhould ftrive to difcover, and 
that may, for ought we know, be upright 
enough ; reafon does not contradict this, 
and every moment’s experience con- 
firms it. 


BuT to go on with the nature of 
vifion. Though the three humours of 
the eye be requifite in feeing objects 
diftin@ly and at the proper diftances, 
yet we can fee tolerably well, even 
though one of them fhould be taken 
away, particularly if we affift the fight 
by glaffes. It very often happens that 
the cryftalline humour lofes its tranf- 
parency, and thus prevents the admiffion 
of the vifiual rays to the back parts of 
the eye. This diforder is called by the 
f{urgeons, a cataract. As we know that 
the cryftalline humour ftands edgeways 
behind the pupil, all then that we have 
to do, is to make it lie flat in the bottom 
of the eye, and it will no longer bar 
up the rays that come in at the pupil. 
A furgeon, therefore, takes a fine ftraight 

| awl, 
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awl, and thrufting it through the coats 
of the eye, he depreffes the cryftalline 
into the bottom of the eye, and there 
leaves it. Or fometimes he cuts the 
coats of the eye, the cryftalline and the 
aqueous humour burft out together ; in 
fome hours the wound clofes, a new 
aqueous humour returns, and the eye 
continues to fee, by the means of a glafs, 
without its cryftalline humour. This 
operation is called couching for the ca- 
taract, Chefelden once couched a boy 
who had been blind from his birth with 
a cataract. Being thus introduced, in a 
manner, to a new world, every obje& 
prefented fomething to pleafe, aftonith, 
or terrify him. The moft regular figures 
gave him the greateft pleafure, the dark- 
eft colours difpleafed, and even.affrighted 
him. The firft time he was reftored, he 
thought he actually touched whatever he 
faw ; but by degrees his experience cor- 
rected his numberlefs miftakes. 


Tui eye may be remcdied when ‘the 
cry ftalline humour only is faulty ; but when 
>.< 3 there 
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there happens to be a defect in the optic 
nerve L, which carries the image to the 
brain, then the diforder is almoft ever 
incurable, It is called the gutta frrena, 
a diforder in which the eye 1s, to all 
appearance, as capable of feeing as in the 
found ftate; but, notwithftanding, the 
perfon remains for life in utter darknefs. 
The nerve is infenfible, and fcarce any 
medicine can reftore its loft fenfations. ~ 


But though the optic nerve be thus 
the only conductor by which images 
are conveyed to the brain, yet there is 
‘an artery running through the midft of 
jt, upon which, if the rays fram‘an obje& 
happen to fall, there will be no picture 
whatfoever formed, and the obje@ will 
remain unfeen. ‘That part of any image 
which falls upon the artery in the mid- 
dle of the optic nerve, is entirely loft ; 
for arteries have no fenfibility, and 
confequently no power of percep- 
tion. .An eafy experiment will fhow 
this, [f we fix three black patches 
~ ABG 
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ABC (tee fig. 67) upon a white wall 
about as high as our eyes, each 
about a foot diftance from each 
other, one to the right, one to the left, 
and one in the middle. Now, if the 
{pectator places himfelf at a fmall dif- 
tance before them, and fhuts the right 
eye, then directing his left towards 
the patch C, he will fee the patches 
A and C; but the middle patch B will be 
covered by the artery 1n his optic nerve, 
and will therefore difappear. Or, if he 
fhuts his ‘left eye, and directs the right 
towards A, he will fee both A and C, 
but .B will difappear ; and if he directs 
his eye towards B, he will fee both B and 
A, but not C. Whatever patch falls 
under the artery: is unfeen. This re- 
quires a little praCtice; but.the {peStator 
may foon become fo expert, as by the 
direction of his eye to lofe whatever 
patch he thinks proper. In our ordi- 
nary intercourfe with vifible objects, we 
are no way fenfible of this defect in our 
fight ; becaufe we turn: the vifual parts 
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of the eye with fo much rapidity upon 
the invifible part of the obje&. All 
loffes that laft but for an inftant are ime 
perceptible; each moment that the eyes 
twinkle we remain in utter darknefs ; 
the fhort duration of our want alleviates 
it. | 


Tue nearer any object is to the eye, 
the larger is the angle by which it will 
appear in the eye, and therefore the greater 
will be the feeming magnitude of that 
body. Nothing can be more obvious. 
Suppofe the object H K (fee fig. 68) re- 
moved at a hundred yards diftance, it 
will form an angle in the eye atA. At 
two hundred yards diftance, the angle it 
makes will be twice as little in the eye at 
B. Thus to whatever moderate diftance 
the object is removed, the angle it forms 
in the eye will be propartionably lefs, 
and therefore the obhje@& will be dimi- 
nifhed in the fame proportion. From 
this diminution of the magnitude of 
bodies we poore judge of their dify 

tance, 


=> in geet eh as nae ais of -pe- 


- 0 


a ie 2 a ee Fe a 


- wee ee eee 


Experimental Philofophy. 31% 


tance. {fee a man upon the mountain 


fide; he really appears to my eye an 


hundred times lefs than the child that 
ftands near me. Inftead of faying that 
the man is lefe than the child, I corre& 
the information of: the fenfe, and fay 
that the child is much nearer me than - 
the man. However, after all, it is, at 
prefent, with a great fhew of reafon dif- 
puted, whether thefe angles have much 
to do in vifion ; a child one yard diftant 
from the eye appears under twice the 
angle of a tall man four yards from the 


"eye; yet we know that painters, whofe 


bufinefs is to imitate nature, make no 
{uch abrupt diminutions in perfpective ; 
their men, though ten yards behind, are 
larger than their children on the fore- 
ground of the canvas. The rule of 
angles therefore, is not obferved in 
bodies yery near, nor does it make any . 
diftin@ion in the diftances of objects 
very remote. The celeftial bodies feem 
all ftuck upon the fame ftarry vault, at 
ene diftance; the mountain’s top, = 

ar 
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far removed into cloudy perfpective, 
feems to enlarge rather than to diminith 
by its remotenefs, The vifual angle 
' therefore, under which a body is feen, 
will only be juftly diminifhed at mo- 


derately remote diftances. Yet, aftar ali, — 


though the perfpective diminution of 
objects give us an obfcure idea of their 
diftance, yet painters are obliged to call 
in another art to their aid, to give their 
firures the proper degree of remotenefs 3 
they {pread over each a thick colouring 
of air; for the more remote the obje@, 
the morse do its own colours feem, loft 
in that of the intervening atmefphere. 
This is called keeping, for by this means 
every obje& in a picture feems to keep 
its proper diftance from the ref. 


WE have hitherto-mentioned the effed 
of vifible objects. only upon one fingle 
eye, we need fcarce repeat the proverb, 
that two eyes fee better than one. In 
fa&, by means of two we fee. more 
plainly, and are always better prepared, 

in 
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in cafe of accidents. Opticians generally 
prefent us with a figure, by which they 
fhew the method. of two eyes feeing the 
fame body at once (fee fig. 69). In this 
both eyes are turned inwards, in order to 
take a view of an obje& placed at a {mall 
diftance from them ; fo that they may be 


- thus fuppofed to behold the fame objec& 


only as, one fingle body. This figure, 
and the theory alfo derived from it, feem 
to me erroneous. We cannot turn our 
eyes both inwards or both outwards, un- 
lefs we fquint. For inftance, let a 
perfon try to throw both eyes at once 
on the point of his. own nofe, he will 
find himfelf utterly incapable of doing it. 
Nor do we, when turning both eyes 
towards the fame objeé, fee it fingle, as 
this figure would reprefent, but actually 
double. If we firft obferve an object with 
our right eye, and mind what part of the 
wain{cot it correfponds with, then let ug 
obferve it with the left, and it will feem 
to correfpond with. a different part, 
Then. let us obferye it with both eyes at 

once, 
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once, and the object will feem in a fitu~ 
ation between the two points with which 
it before correfponded. Thus we really 
fee an image of the obje& to the right, 
and another to the left; but our judg- 
ment determines it to be but one image 


between both. If we prefs the globe of | 


either eye inwards with our finger, we 
fhall make that eye fquint; and we shall 
fee juft in the manner as a man that 
{quints naturally. But by this preffure 
we thall find, that if we turn to any 
object, we fhall fee two images inftead of 
‘one; whereas, the man that fquints 
naturally, thinks he only fees one fingle 
image. Whence comes this difference 
The truth is, he fees two images as well] 
as we; but he has long fo learned to 
bethink right, that he forgets he was 
ever wrong: the miftake is new to us, 
and therefore the error is obvious. All 
perfons, how ftraight foever their eyes 
may he, fee two images, juft as a man 
who {quints; but like him, they bring 
their other fenfes to correét the errors 


of 
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of vifion. I once faw a diforder where 
the judgment was too feeble to give 
laws to fenfation. Almoft every one of 
the fenfes brought the unhappy patient 
its erroneous information ; but I could 
not avoid remarking, that his fight pre- 
fented every obje& to him double. 
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| CHAP... VIL 
Of the Method of afffing Sight by Glafts. 


Aimosr. every eyé is fo framed 


as to be able to fee diftinaly at 
different diftances rays coming from dif- 
ferent parts of the object. To fee objects 
diftin@ly, it is requifite that each ray 
fhould be diffufed upon the cornea, and 
from thence be converged into a point, 
which will help to ftipple or point out the 
image of the external obje& upon the back 
of the eye. On this union, or pointing of 
the rays upon the back of the eye, depends 
diftin& vifion ; for fhould they be united 
before they come there, or fhould the 
point where they would unite, lie far- 
ther back than the retza, it is evident 
that the ray, from each point of the ex- 
ternal object, would thus take up too 
much room in the back of the eye, and 
mix with that next it, and that with 
another, and fo all the rays would be 
thus 


Experimental Philofophy. 317 


thus mixed and blended together on the 
back of the eye, exhibiting together a 
very confufed reprefentation of the ob- 
ject without. 


Now, the greater the diftance from 
whence rays come, the more parallel do 


_ they fall upon the eye; whence, there- 


fore, the image of near bodies will not 
converge in the eye fo foon as the diftant 
ones; when they come from a lefe dif= 
tance they are more widely {cattered. 
The eye then muft have a power of 
adapting its form to the reception of 
bodies at different diftances. That is, 
if it is to receive the image of diftant 
objects whofe rays come parallel and 
converge quickly, it muft have a power 
of bringing the. back-part of the eye 
more forward to meet the focus of the 
convergent. rays. On the contrary, if 
the object be very near, as the vifual rays 
will then converge very far back, the eye 
mu{t have a power of lengthening its 
orbit, in order to let the rays fall at 
: | a proper 


318 A Survey of 


a proper focal diftance on the retzna be- 
hind. All this is performed by means 
of fix mufcles which are inferted into 
the outward coat of the eye, which, like 
fo many cords or pulleys, lengthen the 
eye-ball at pleafure. So that by their 
means, the eye which is globular, 1s 
fometimes lengthened nearly into the 
fhape of an egg with the {mall end fore- 
moft. When the obje& to be feen is 
very near, the mufcles ac together, and 
lengthen the eye to make a long focal 
diftance ; when the objet is remote, the 
eye refumes its natural form, and the 
focal points of the diftant rays fall upon 
the retina. 


Yer, notwithftanding this contrivance 
of Nature to adapt our eyes to different 
objeéts at different diftances, there are 
fome eyes, in which, rays coming from 
diftant objeés, will not find a proper 
focus, and objects will be therefore con- 
fufedly feen; while there are others 
where the rays from near objects will, 


by 
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| by falling too far back into the eye, be 


equally confufed. For if, in the firft 
cafe, the cornea, or cryftalline humour of 
the eye, be very convex, as in the eye B 
(fee fig. 70) it'will refra& the rays too 
foon for diftinét vifion. For the rays 


that enter it-from the obje& C, will be 


converged to a focus much too foon, 
and before they come to the retina at f. 
Perfons thus affected, are faid to be near- 
fighted, that is, they can fee objeéts near 
the eye whofe rays enter very divergent, 
with minute precifion ; but if the objects 
are removed at any confiderable diftance, 
they become confufed and indiftiné. 
If the ball of the eye has been long 
kept in a lengthened pofition by regard- 
Ing very minute objects,. it will, at 
length, affume this conftrained: form, 
and the perfon will - become near 
fighted from the elliptical figure of his 
eye. Thus we fee feveral perfons be- 
come -fhort fighted, when the nature of 
their employments obliges them to be 
converfant with the fmalleft fubjeéts, as 

Vo. II. Y miniafure 
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miniature painters, virtuofi, and watch- 
makers, This inconvenience is remedied 
by ufing a concave glafs, which always 
caufes the rays to diverge; fo that when 
they are made to fall diverging upon 
the eye, the focal diftance is removed to 
the proper place, and is juft upon the 
retina. 


On the other hand, there pre eyes 
that require the ufe of convex glaffes to 
make them fee obje@s diftin@ly. For 
if the cornea abe, or cryftglline. hu- 
mour be too flat, as is ufually the cafe 
with the aged, they will not refra& the 
rays fo foon, wherefore their focus would 
fall behind the retina, and thus caufe an 
indiftin® impreflion. This infirmity is 
remedied by ufing a convex glafs, which 
converges the rays before they come tq 
the eye, and throws them, thus converg- 
ing, upon the flat cornea, which, thus 
affifted, throws them exadtly to the fo 
cal diftance. 


BuT 
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Bur there are other glaffes which we 
now come to explain. The microfcope, 
which ‘magnifies fmall bodies to fuch 
immenfe bulks, is an inftrument of ine 
finite ufe to philofophy, fince by it a new 
world is opened to the eye, of which 
mankind before never even fufpected the 
exiftence. Of all thofe who have made 
microfcopical difcoveries, Leeuwenhoek — 
deferves the firft. place; his refearches 
were generally guided by fenfible theory, 
and not diffufed at random throughout 
all nature. He made many microftopi- 
gal difcoveries which Rave been finceé 
found true by repeated obfervation; he 
has made others, which we have adopted 
barely upon his authority ; for neither 
our eyes nor our glaffés are capable of 
arriving at a clear view of their minutes 
nefs. He left his microfcopes to the 
Royal Society ; we have fince made 
others that magnify many degrees be« 
yond them; yet for all this, our dif 
coveries fall fhort of ‘his obfervationsy 
Long habit probably taught him better 
Y 2 arts 
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arts of adapting his inftruments, and 
fitted his eye more properly to them. 
The nearer any body is to the eye, 
the larger the angle it will be feen un- 
der; but then if placed too near the 
naked eye, the image will be confufed 
and irregular. The microfcope reme- 
dies this defe& ; it brings the objec 
clofe to the eye, and yet does not hinder 
diftiné vifion. | 


THE common fingle microfcope (fee 
fig. 71) is only a fmall and very convex 
glafs, as cd. The obje& to be magnified 
is placed at its focal diftance, and the 
eye is to be at the fame diftance on the 
other fide. The rays flowing from 
every point of the obje& run parallel 
after refraction, and {pread themfelves 
upon the cornea. From thence they are 
converged into as many different points 
on the retina, forming one large diftin& 
pidture. Large, for the obje@ being . 
very near is feen at a great angle; dif- 
tin, for the obje@t’s rays fall parallel 
a upon 
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upon the cornea. If we would know 
mathematically, how much a glafs of 
this kind magnifies the object, geometri- 
cians fhew that we muft firft find out 
the focal diftance of the glafs, that we 
muft next try at what diftance we can, 
with the naked eye, view the fame 
obje& diftin@ly. Divide this laft dif- 
tance by the former, and the quotient 
will be the body's apparent increafe. 


THE double, or compound microfcope 
- (fee fig. 72) confifts of an objeé glafa 
¢ d, and an eye glafs ef; the object to 
be magnified is placed at fomething 
more than the focal diftance, -by which 
means the rays converge after paffing 
through it, and form the picture of 
the object alittle before the éye-glafe 
ef,and if it be properly placed, the picturé 
fhould be exa@ly in its focus. The rays 
diverging from this picture fall upon 
the eye glafs, where they again: fuffer 
refraction and pafs on parallel to the eye, 
and will then beeonverged upon the retind, 

Y 3 and 
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and forma large inverted image AB. The 
magnifying power of this microfcope is 
as follows, Suppofe the image g 4 to be 
fix times the diftance of the obje& a6 
from the ohjeG-glafa ¢ d, if fo, ir will be 
fix times greater ; this image may be 
fen diftin@ly, if placed within an inch 
of the eye-glafs, whereas, the naked eye 
could not fee it diftin@ly but at fix 
inches diftance ; confequently it will 
be viewed under an angle fix times 
greater ful]. So that it is increafed. fix 
times ‘fix, which make thirty-fix times. 
Its diameter will be thus magnified ; its 
whole furface will be therefore increafed 
hy the fquare of the a that is 
3296 times, 


- Tuus we fee, by adding one slat 
how much the furface of the minute 
obje& ia enlarged ; a third and. a fourth 
glafs, if added, would magnify it fill 
more ; but this addition of new glafles 
i.abfolutely precluded, becaufe the mere 


the-glafles. are increafed, the more — 
° 
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che light be diminifhed, and the darker 


will the obje& appear, till at laft it be in- 


volved in utter obfcurity. Mathematical 
inftrument-makers have contrived various 
ways of making microfcopes, and have 
given to each a peculiar name. There 
are catadioptic microfcopes, folar micro- 
fcopes, refle@ing microfcopes, and fo 
forth; the defcription of but a part of 
thefe might occupy volumes, and the 
perufal might be of advantage to mathe- 
matical inftrument makers. 


WHATEVER microfcopes perform 
upon riinute bodies, very near; tele- 
{topes' perform upon great bodies very 
rertiote ; namely, they enlarge the angle 
in the eye under which the bodies are 
feen; and thus, by making them very 
large, they make them appear very 
near; the only difference is, that in 
the microfcope, the focus of the giaffes 


‘18 adapted to the infpeGtion of bodies 


very near; in the telefcope, to fuch as 
are more remote. Suppofe a diftant obje 
Y 4 at 
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atA B (fee fig. 73), its rays come nearly 
parallel, and fall upon the convex glafs 
¢d; through this they will converge in 
points, and form the object E at their 
focus. But it is ufually fo contrived, 
that this focus is alfo the focus of the 
other convex glafs of the tube. The 
rays of each pencil, therefore, will now 
diverge before they ftrike this glafs, 
and will go through it parallel; but 
the pencils all together will crofs in its 
focus on the other fide, as at ¢, and the 
pupil of the eye being in this focus, the 
image will be viewed through the glafs, 
under the angle g¢ h, fo that the object 
will feem at E under the angle DeC. 
This telefcope | inverts the image, and 
therefore. is only proper for viewing 
{uch bodies, as it is immaterial in what 
pofition they appear, as the fun, the 
fixed ftars, &c. By adding two glafles 
more, the image may be feen upright. 
The magnifying power of this tele- 
fcope is found by dividing the focal 
diftance of the - glafs, by the focal] 

diftance 
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diftance of the eye-glafs, and the quo- 
tient exprefies the magnifying power. 


Ir is not the defign of the prefent 
elementary fyftem, to exhibit long or 
accurate accounts of the whole philofo- 
phical apparatus ; the variety of tele- 
{copes is ftill greater than that of mi- 
crofcopes. The art of ufing thefe,. or 
of underftanding their conftruction 
thoroughly, is beft learned from the ar- 
tificers whofe only bufinefs is to make 
them. Telefcopes have received fome 
improvements fince the beginning of 
this century. Thofe they have received 
from Mr. Dollond, a mathematical in- 
ftrument-maker, deferve to be men- 
tioned. By increafing the number of 
glaffles in the refraGting telefcope, he 
has made an inftrument of this kind, 
but three feet long, magnify the ob- 
je@ as much as an ordinary telefcope 
of ten. It was long thought, and even 
demonftration had been brought to © 
prove, that. refraCting telefcopes were 

incapable 


323 A Survey of 


incapable of farther improvement by 
the addition of a greater number of 
glaffes. It was faid, that fome rays of 
light were more refracted in paffing 
through glaffes than other rays; fo that 


numerous: glaffes would permit only 


the leaft refrangible rays to pafs on 
through them all to the eye; and thefe 
rays which had’ been thus ftrong enough 
to get through, being but few in number, 
and all of one colour, they would im- 
. print! no picture. Dollond, however, 
difreparding the theory, tried the ex- 
periment of adding more glaffes, and 
then theorifts began to fay, that light was 
not fo very refrangible. It is remarkable 
enoupb,. that the members of the acade~ 
my of Peterfburgh, propofed: the im- 
provement of the refracting telefcope 
to the learned, as a'fubje& for the year’s 
prize; the very year Dollond made this 
difcovery. Dollond’s improvénient was 
yet unknown. Another received the 
reward, who afferted that the propofed 
improvettient was impofhble. 
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CHAP. VII 


Of Catoptrics, or of objedts Seen by being 


reflected from polifhed furfaces. 


FT ER having, as concifely ag 

. poffible, fhewn the various won- 
ders of vifion, why remote bodies appear 
{mall, why glaffes feemingly alter their 
diftance and magnitudes; after having 
fhewn how the eye itfelf is an optical 
machine of the fineft gontrivance, capable 
at.once of lengthening itfelf for diftang 
view, and fhortening for microfcopic vie 
fion ; yet ftill new wonders remain behind, 
How a looking-glafs comes to refle& 
images, without their tonching it; how 
the whole figure of a man fix feet high 
fall be feen in a glafs not above three 
feet? How: when we look at fome 
polifhed furfaces, as a watch cafe, for 
inftance, a man’s face feems- not. bigger 
than his nail‘? While, if we look on 
ether. furfaces, the face fhall.be of gi- 
gantic 


| 
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gantic fize ; thefe are all wonders that 
the curious would with to underftand, 
and the inexperienced to examine, 


Berore Newton expanded nature to 
our view, it was fuppofed that every ray 
of light which bodies reflected, re- 
bounded from their furfaces, as we fee 
a marble bound when ftruck upon the 
pavement. Newton, -however, taught 


mankind, that rays of light never touch 


the bodies from whence they are re- 
fie€ted; but that every ray, when it comes 


within a certain diftance of the bodys, 


either pafles entirely through, or is again 
ftruck back, as we fee filings of fteel 
when brought near to the loadftope, 
However. polithed the furface of the 
fmootheft object may feem to our fight 


and touch, yet it is, in fact, one con- 


tinued affemblage of inequalities. : To 
us thefe inequalities appear {mall, but 
if compared with the fmallnefs of light, 
they areas mountains. ‘From the fur- 
face of fuch, therefore, it cannat be.fups 

poled 
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pofed that rays will be refle@ed with 
that uniformity we ufually obferve; or 
shat we could ever fee an image of 
ourfelves completely ‘reflected; for un- 
equal furfaces muft make unequal 
and fcattered reflections. ‘* If light,” 
{ays Newton, “ were refledted by ftriking 
on the folid parts of the glafs, it would 
be. {cattered.as much by ‘the moft po- 
lifhed glafs as the rougheft.” We mutt 
be obliged to allow, therefore, that it is 
reflected before it arrives at the furface, 
and that the whole body, and not any 
fingle point, drives it back; all the 
parts .oppofe their united repelling © 
power, to meet the incurfive rays, and 
drive them back with uniformity. 


LET us, however, for a fhort time, {up- 
pofe that every reflected ray ftrikes againft 
the body, and rebounds from it to the: 
{peCtator’s eye, like a tennis ball to the 
racket of a player. Now, whatever was 
the direction in which the ray ftruck the 
- bady, it will rebound with a contrary 
| direction, 
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direétion. If I ftrike an ivory claihe 
ball againft the pavement, whatever 
force I impreffed upon it, it will reftore — 
itfelf with a contrary force; and what- 
ever direction I gave it, it will rebound 
in a contrary direction. If 1 ftrike it 
perpendicularly down, it will rife per- 
pendicularly ; if I ftrike it in an oblique 
dire€tion, it will mount obliquely the 
other way. This is neceffarily the refult 
of its elaftic quality. A-ray of light 
may be confidered as an elaftic body, 
and whatever be the angle of its inci- 
dence upon the plain furface, the angle 
of its reflection will be fimilar. The 
line A C (fee fig. 74) is the line of inci- 
dence, the line C B. is the line of re- 
fle€tion, and thefe form equal angles on 
the furface of the polifhed mirrour; fo 
that all the rays coming from the object, 
ahd falling upon the mirrour at C,. will 
firike the eye at B, and the refle&ed 
image will thus become vifible. But 
now a difficulty remains. How comes 
it then, that we do not fee the 
body 
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body at C, fince it is there that all its 
rays fall; and why do we fee it deep 
within, or behind the mirrour, at D? 
“This is anfwered thus ; no obje@& can be 
feen that does not lie in a ftraight line 
from the eye, or, at leaft, appear to do 
fo. The body A, therefore, when it 
comes reflected to the eye, will appear to 
lie in the ftraight line B D, which, 
fince the angle of incidence is equal 
to that of refleCtion, will be exa@ly in - 
the two lines AC and AB. The rays, 
therefore, going from A to C, will be 
feen at D, and confequently, fo will the 
picture. For, as the rays have diverged 
in going from the obje@ at A A, and 
diffufed themfelves upon the furface of 
the glafs, they will be again converged 
into an equal focus, by the timé they ar- 
rive at D D, and they will therefore 
paint the obje@ at DD. 


From henee we may learn, that if a 
man fees his whole image in a plain 
looking-glafs, the part of the glafs that 

5 refle@s 
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reflects his image, 1s but one half as long 
and one half as broad as the man. For 
the image is feen, under an angle, as large 
as the life; the refleGting mirrour is ex- 
adtly half-way between the image and 
the eye, and therefore muft make but 
an angle half as large as the image, 
or in other words, it is juft half as large 
as the image which is of the fame fize 
with the man. Thus the man AB 
(fee fig. 75) will fee the whole of his 
own image in the glafs C D, which is 
but half as large as himfelf. His eye, 
at A, will fee the eye of the image at an 
equal diftance behind the glafs at E. 
His foot at B will fend its ray to D; 
this will be refleGted at an equal angle, 


and the ray will therefore go in the di- © 


rection of F DA; {fo that the man will 
fee his foot at F. That is, he will fee his 
whole figure E F. But fuppofe his foot 
was lower than B at L, then he could 
not fee it; for the ray L ftriking the glafe 
at D, would be reflected with an equal angle 
up to M, far above the man’s eye, and 

7 con- 


7 at 
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onfequently out of his fight. In the 
4me manner as he advances or retires, 
e will ftill fee his own image, if all 
he lines of reflection come to his eye ; 
ut if they rife above it, like D M, or 
all below it, that part of the object, to 
tim, will be invifible, though another 
pectator at M may fee his feet at L, 
vhich he himfelf cannot fee. 


Tuus plain mirrours refle&, not only 
he objet, but the diftance alfo, and that 
xa@ly in its natural dimenfions; but it 
s otherwife with regard to convex mir- 
‘Ours, fuch, for inftance, as a watch-cafe; 
vhich diminifh; or concave mirrours, 
Which, on the contrary, magnify it. As 
O convex murrours, the nearer we ap-~ 
sroach them, the more the image ftarts 
yack ; in the cafe of concave, as we draw 
rear them, the image feems to ftep for- 
ward, beyond the glafs, to meet us. 

To fhow firft, how images are leffened 
in the convex mirrour, we muft ftill 

Vox, II. Z, | repeat, 
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repeat the former rule, that the angle 
of reflection is ever equal to the angle of 
incidence. Carrying this in our memory, 
let us fuppofe (fig. 76) an obje& A A is re- 
flected by a convex glafs, to the eye, at C, 
Let us confider, at what angles each pen- 
cil of rays, from the obje@, will fall upon 
this convex furface. It is certain, that 

each angle which they make with it, will 

be more acute than if the mirrour’s fur- 

face were perfectly flat. If fo, after 
reflection, the reflected rays being fup- 

pofed to pafs onward to B, they will be 

converged much fooner from acute, than 

if they came from large angles; and 

the obje@ B B will therefore appear 

more near and {maller than. the life. 


On the other hand, with regard to 
concave mirrours, an obje& muft appear 
in them larger than the life, if it be 
placed moderately near (fee fig. 77). 
For the pencil of rays BB falling at 
larger angles upon the concave furface, 
af they are refle@ed; they will not con- 

verge 
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verge fo foon, and not till they appa- 
rently come to the greater diftance AA. 
‘They will therefore, be feen at AA. But 
A A is larger and more diftant from the 
plafs than the real object B B, and there- 
fore it is apparently magnified. 


As the real principles of catoptrics are 
perfectly mathematical, and can be known 
only by thofe who are verfed in deep 
geometry; it would be vain to attempt 
leading the reader farther into this fub- 
ject, as every ftep onward would be found 
‘to increafe the gloom. The principles 
of this {cience, particularly with regard 
. to the places where objects are feen in 

mirrours, are yet in difpute among ma- 
 thematicians, and hitherto undecided. 
Newton acknowledges the determina- 
tion of the apparent place of an objec, 
feen in a concave mirrour, to be the 
moft difficult part of all mathematics: 
His words ate, Punc#i illius accurata de- 
terminatio, problema folutu difficillimum 
prebelit, nift hypotheft alicui faltem veri- 
\ fimilt, 
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fimilt, fi non acurate vera, nitatur affertio. 

The folutions of fuch problems will be 
immenfely difficult, unlefs we take the 
probability of “—— to ground af- 
fertion on. 


THERE are feveral amufing optical 
deceptions which are effected by a pro- 
per combiaation of plain or convex mir- 
rours. We all know, that if a man 
ftands with jhis face oppofite a looking- 
glafs, and with his back to another, he will 
fee his figure many times reflected. If 
an hexagon chamber, (one with fix fides) 
be fo contrived as to have light admitted, 
in fufficient abundance, from the ‘top, 


and a large glafs on every fide, a man: 


ftanding in this chamber, will fee him- 
felf multiplied into a feeming crowd. 


The effe& is ftill more pleafing ” can- 


dle light. 


Ler there be a box of fix fides, and 
divide its infide by as many little parti- 
tions running from each corner, which 

will 
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wiil all confequently unite in the middle. 
Line each partition with looking glaffes, 
and let there be an hole made on every fide 
of the box to look through. Cover thefe 
holes with plain glafs, and cover the top 
of the machine, thus prepared, with 
fine oiled parchment, and the catoptric box 
is made. Whatever obje& we place 
upon the fide or fides, at which we look 
in, it will be multiplied in the moft pleaf- — 
ing manner, and by turning different 
fides, a variety of profpedts may be thus 
offered to the view, each feemingly 
twenty times larger than the capacity of 

the machine we look through, 


In another box, if we ufe a convex 
glafs, fuch as we ufually read with, at a 
hole on the fide of the box, and place a 
looking glafs in its focus, in fuch a man- 
ner, that while the focus falls upon the 
mirrour, the mirrour at the fame time 
reflects objects or pidures below; this 
will magnify thofe pi€tures' very much, 
and place them feemingly at a great 
a Z 3 diftance 
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diftance from the eye. Thefe may a- 
mufe the youthful ; but there have been 
catoptric inftruments formed for the a- 
mufement of philofophers. The re- 
fleGing telefcope is among .the number, 
This inftrument was firft invented by 
Newton, who faw the inconvenience of 


ufing very long refracting tclefcopes, 


and therefore fubftituted refleCtors. He 
gave directions for making one of fix 
inches long, which was found to mag- 
nify objects as much as a common re- 
fractor of four feet. If any reader de- 
fires to know the conftru@tion of this 
inftrument, he fhall have it from Mr. 
Fergufon’s defcription, which is the 
plaineft that I have met with. 


“Ar the bottom of the great tube 
T TTT (fee fig. 78) is placed a large 
concave mirrour DU VF, whofe prin- 
cipal focus is at m; and in the middle 
of this mirrour is a round hole P, op+ 
pofite to which is placed the fmall mir- 
rour L concave toward the great oné, 

2.0 °° and 
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and fo fixed to a ftrong wire M, that it 
may be removed further from the great 
mirrour, or nearer to it, by means of a 
long fcrew on the outfide of the tube, 
keeping its axis ftill in the fame line 
P mn with that of the great one. Now, 
fince in viewing a very remote object, 
we can f{carce fee a point of it, but what 
is, at leaft, as broad as the great mirrour; 
we may confider the rays of each pencil 
which ‘flow from every point of the 
object, to be parallel to each other, and 
to cover the whole reflecting furface 
DUVE. But to avoid confufion in 
the figure, we fhall only draw two rays 
of a pencil flowing from each extremity 
of the object into the great tube, and 
trace their progrefs through all their 


- refle@ions and refractions to the eye f 


at the end of the fmall tube ¢¢, which 
is joined to the great one. 


“Let -us then fupppofe the obje& 
AB to be at fuch a diftance, that the 


rays C may flow from its lower extre- 
ZL 4 "  mity 
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mity B, and the rays E from its upper 
extremity A; then the rays C falling 
parallel upon the great mirrour at D, will 
be thence reflected converging in the di- 
rection DG, and by croffing at I in the 
principal focus of the mirrour, they will 
form the upper extremity I of the in- 
verted image IK fimilar to the lower 
extremity B of the objet AB, and paf{- 
ing on to the concave mirrour L, (whofe 
focus is at m) they will fall upon it at g, 
and be from thence reflected, converging 
In thedireétion g N, becaufe ¢ m is fhorter 
than gm, and paffing through the hole P 
in the large mirrour, they would meet 
fomewhere about r, and form the lower 
extremity 5 of the ere& image a4 fimilar 
to the lower extremity B of the object 
AB. But by pafling through the plano- 
convex glafs R in their way, they form 
that extremity of the image at 5. In like 
manner, the rays E, which come from 
the top of the obje& A B, and fall parallel 
upon the great mirrour at F, are thence 
refleGed converging to its focus, where 

_ they 
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they form the lower extremity K of the 
inverted image I K fimilar to the upper 
extremity A of the object A B, and thence 
paffing on to the fmall mirrour L, and 
falling upon it at 4, they are thence re- 
flected in the converging ftate HO, and 
going on through the hole P of the great 
mirrour, they would meet fomewhere 
about g, and form there the upper ex- 
tremity a of the erect image a fimilar to 
the upper extremity A of the obje& AB. 
But by pafling through the convex glafs 
R in their way, they meet and crofs 
fooner, as at 4, where that point of the 
erect image is formed. The like being 
underftood of all thofe rays which flow 
from the intermediate points of the ob- 
ject between A and B, and enter the tube 
TT, all the intermediate points of the 
image between a and & will be formed. 
And the rays pafling on from the image 
through the eye-glafs S, and through a 
{mall hole ¢ in the end of the leffer tube 
tt, they enter the eye f, which fees the 
image ab by means of the large eye-glafs 

: under 
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under the large angle ced, and magni- 
fied in length under that angle from ¢ 
to d. 


“ In the beft refleGing telefcopes, the 
focus of the fmall mirrour is never coin- 
cident with the focus m of the great one, 
where the firft image IK is formed, but 
a little beyond it (with refpe@ to the eye) 


as at. The confequence of which is,” 


that the rays of the pencils will not be 
parallel after reflection from the {mall 
mirrour, but converge fo as to meet in 
points about 9, ¢, r, where they would 
form a larger upright image than a 4, if 
the glafs R were not in their way; and 
this image might be viewed by means of 
a fingle eye-glafs properly placed between 
the image and the eye; but then the field 
of view would be lefs, and confequently 
not fo pleafant, for which reafon the 
glafs R is ftill retained to enlarge the 


_ feope or area of the field. 


To find the magnifying power of this 


telefcope, multiply the focal diftance of 
the 


ET ee 
re 
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the great mirrour by the diftance of the 
{mall mirrour from the image next the 
eye, and multiply the focal diftance of 
the {mall mirrour by the focal diftance of 
the eye-glafs; then divide the produ& 
of the former multiplication by that of 
the latter, and the quotient will exprefs 
- the magnifying power.” 
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CHAP IX. 
Of Colours. 


\ E. have hitherto confidered light 

-as a body uncompounded and 
of parts refembling each other; but we 
are now going to examine its texture 
more clofely : we fhall now fee that this 
fluid, though fo fimple to all appearance, 
is made up of very different particles ; 
that it is compofed of different coloured 
tints, and that from the nature of this 
compofition arifes that charming variety 
of fhades which paint the face of Nature, 


WHaTEVER pleafures we derive from 
the beauty of colouring is owing to the 
different rays of light alone; for the ob- 
jects themfelves have no difference in this 
refpect at all: the blufhing beauties of 
the rofe, or the modeft blue of the violet, 
are not in the flowers themfelves, but in 
the light that adorns them: odour, foft- 

| nefs, 
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nefs, and beauty of figure are their own ; 
but it is light alone that drefles them up 
in thofe robes which fhame the monarch’s 
glory. Take away all light and their 
colour will vanifh; let but a portion of 
light be permitted to fhine upon them, 
and their colours will be changed. But 
though the colours be in the light, and 
not in the objeéts, yet it is in our power 
to alter them at pleafure; we have only 
to change the furface of the object, and 
light inftantly gives it another colouring. 
Thus in every circumftance we at beft 
refemble thofe fervants of painters who 
prepare the frame or ftretch the canvas, 
but it is light alone that always holds the 
pencil. 


THERE is a common experiment, and 
eafily performed, to prove that the co- 
lours are not in the objects themfelves, 
but in the rays of light that fall upon 
them ; and that if the nature of light be 
altered, the colours alfo will receive al- 
terations: Let a pint of common fpirite, 

the 
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the cheapeft will anfwer as well as the 
beft, a pint of malt fpirits then, be poured 
into a foop-difh, and then fet on fire: 
as it begins to blaze, let the fpectators 
ftand round the table, and let one of 
them throw an handful of falt into the 
burning fpirits, ftill keeping it ftirring 
with a fpoon. Let feveral handfuls of 
falt be thus fucceflively thrown in; the 
{pectators will fee each other frightfully 
changed, their colours being altered into 
a ghaftly blacknefs. Were the folar flame 


of the fame nature with that of this com- | 


pofition, we fhould have no other ca- 
Jours in nature but fuch as thofe produced 
by the experiment. 


NATURALISTS were formerly of opi- 
nion that the folar light was fimple and 
uniform, without any difference or va- 
riety in its parts, and that the different 
colours of objects were made by refrac~ 
tion, reflexion, or’ fhadows. But New- 
ton taught them the errors of their for- 
mer opinions ; he fhewed them to diffect 

a fingle 
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a fingle ray of light with the minuteft 
precifion, and demonftrated: that every — 
ray was itfelf a compofition of feveral 


says, all of different colours, each of 


which when feparate held to its own 


- nature, fimple and unchanged by every 


experiment that could be tried upon it. 


To prove all this, 1t was neceflary 
firft to find out a method of fplitting a 
fingle ray of light into the feveral rays. 
of which it was compofed, and this was 
effected by means of the prifm, or a three 
fquare glafs already defcribed. Let the 
fun thine into a dark room through a 
fmall hole as at e¢¢ in a. window-fhutter 


(See fig. 79.) and place'a prifm BC, 


which we fee endways in the figure, in 
the beam of rays A, in fuch a manner, 


‘ghat the rays may fall obliquely on one 


of the fides 2 OC of the prifm. We thalk 


then fee the rays that pafs through the 
-prifm ftruck upon the oppofite wall, ran- 
-ged one above the other, violet, indigo, 
-blue, green, yellow, orange, red. The 


range 
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range will be beautiful, and the colours 
fo bright as to exceed the power of art 
to equal. In this manner then is the 
folar beam feparated into the colours of 
which it 1s in nature compofed; and one 
ray confifts of many rays, each different 
in its colour, and darting forward from 
the great luminary with different force. 
The red ray, for inftance, goes forward 
more forcibly than any of the reft, and 18 
therefore leaft refracted or bent out of 
its reCtilineal courfe, but falls upon the 
wall almoft in a flraight line at R. In 
proportion as each fucceeding ray has 
_ lefs force,-it is driven more out of its 
reCtilinear direction, till at the violet it 
feebly paints itfelf upon the higheft part 
of the picture. 


Tuus we fee that in nature the bright- 
eft colours drive forward from the fun 
with the greateft force ;'and what we 
find true by experiment, is confirmed by 
our fenfations. The brighteft colours 
ftrike our eyes with the greateft force ; 

the 
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ihe red thakes ftrong iimpreffions, the 
orange is not fo forceful; the colours 
ftrike us lefs vividly in fuceeffion till we 
tome to the violet; which approaches 
very near to black; and gives us a faint 
idea of darkriefé. For this reafon it 18; 
that when the eye is very weak, a fcarlet 
colour becomes infupportable, its impref- 
fions are too powerful, and next to the 
folar beam itfelf, dazzles and difturbs the 
organ. -Surgeons in this cafe generally 
prefcribe a black obje& to be placed be- 
fore the eye; as a piece of blaek filk, for 
inftance; but violet is very near ap- 
proaching to blacknefs, fo that that would 
do almoft as well. 


We now therefore may cotielude, that 
a fingle ray of light, which before fepara- 
tion feemied to be of an uniform white 
appearance, is compofed of a bundle of 
no lefs than feven different rays, and that 
when an obje& refleéts them all, it theti 
appears winte. On the contrary; if the 


object fends back no rays to our eye, it 
Vox, i. Aa. theti 
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then appears black, which is nothing 
more than the privation ofall colour. If 
we could find an object perfeQly black, 
 fuch a body would be to us perfetly in- 
yifible; fuch however is not to be found 
jn nature; and painters in drawing black 
ohjects are forced to heighten all the 
ground with white: and it is fo in na- 
ture; the black which we fee is an affem- 
blage of different colours, and faintly re- 
flecting rays of almoft every kind. Should 
3t be doubted that white is but the affem- 
blage of ali the colours of the prifm 
united, numberlefs experiments can be: 
eafity brought to confirm it. The rays, 
when divided by a prifm, if they be 
again united by a common convex glafs, 
will throw a bright fpot of white upon 
the fame paper, where before they fepa- 
rately painted the beautiful prifmatic va- 
fiety. If a round board be painted with 
colours, imitating thofe from the prifm, 
and if it be then turned fwiftly. with a 
‘circular motion, fo as that the ey¢ cannot 
“have time to view any one of the colours 
hee es is diftinGly, 
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diftin@ly; as it takes in the whole aflem- 
_ plage together, the figures on the board 
will refle€&t every colour, arid appear 

white or nearly approaching to whitenels. 


Tuese colours, reflected by the prifm, 
are not only the moft beautiful in nature, 
but alfo each in itfelf continues feparate 
and unalterable. When one of thofe 
primitive rays has been feparated from 
the reft, nothing can change its colour. 
Send it through another prifm, expofe it 
in the eye of a burning-glafs, yet ftill its 
colour continues unaltered; the red ray 
will preferve its crimfon, and the violet 
its purple beauty ; whatever objet falls 
under any of them, foon gives up its 
own colour, though .never fo vivid, to 
affume that of the prifmatic ray. Place 
a thread of {carlet filk under the violet- 
making ray, the ray continues unaltered, 
but the filk inftantly becomes purple. 
Place an object that is blue under. a yel- 
low ray, the object immediately afflumes 
the radial colour. In fhort, no art can 

Aa3 alter 
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alter the colour of a feparated ray; 1¢ 
gives its tint to every obje@, but will 
affume none from any; neither reflexion, 
refraction, nor any other means can make 
it forego its natural hue; like gold, it 
_ may be tried by every experiment, but 
it will ftill come forth the fame. 


In whatever manner we confider-: the 
colour of a fingle prifmatic ray, we thall 
have new caufe to admire the beauties of 
nature. Whatever compofitions of co- 
louring we form, if examined with a 
microfcope, they will appear a rude heap 
of different colours unequally mixed. If 
by joining, for inftance, a blue with a 
yellow, we make the common green, it 
will appear to the naked eye moderately 
beautiful; but when we regard it with 
microfcopic attention, it feems a confufed 
mats of yellow and blue parts, each par- 
ticle refle&ing but one feparate colour: 
but very different is the colour of a prif- 
matic ray; no art can make one of equal 
brightnefs, and the more clofely we exa- 

mine 
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mine it, the more fimple it appears. To 
magnify the parts of this colour is but 
to increafe its beauty. 


AmipsT all the variety therefore in 
nature, there are but feven original co- 
lours $ violet, indigo, blue, green, yel- 
low, orange, and red. Of thefe ‘fimple’ 
colours, all the artificial ones, which we 
fee every inftant, are compoled,.and every” 
object is of this or that colour, as its: 
parts are fitted for refleCting the corre-. 
fpondent ray in greater abundance. A. 
red objec reflects the red rays. moft ‘¢o=: 
- pioufly, a blue object the blue, green ob- 
jets refle& the green ray and fo of all 
the reff. 

Burt though the colour of an sol 
arifes from its reflecting rays only of one: 
particular colour, yet a. number of parts 
may be fo mixed in one objet, as to re-- 
fle& the rays of almoft every colour in’ 
the prifm, as we may eafily effect by 
mixing different powders together, tho”. 
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in this cafe, in reality, the colours are re- 
fle&ed from a great number of minute 
objects al] of different hues, yet to our 
naked and undiftinguifhing eyes, the 
whole feems but one uniform furface of 
colouring. Thus we often call that green, 
which is in fact a mixture of blue and 
yellows we think that orange, which is 
compofed of two colours, yellow and red: 
and thus in general objects of different 
tints are made to imitate one of the ori- 


ginal tints, granted by the fimple prif- 


matic ray; but colours, thus compounded, 
may he eafily diftinguifhed from the 


fimple ones, That body, which refleds: 


ene prifmatic colour in greateft abun- 
dance, has ever the moft beautiful and the 
brighteft dye; while, on the contrary, 
thofe bodies, which refle&t feveral differ- 
eat colours, feemingly blended to the eye, 
ever ftrike us with lefs vivid and lefs 
beautiful impreffions: and indeed, the 
whole fecret in the painter and dyer's art, 
1s to make their colours ag fimple as they 
ean; for in proportion as they are mixed, 

- oo | they 
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they lofe their beauty; for inftance, the 
 fimple green prifmatic colour is the moft 
beautiful imaginable; a green lefs beau- 
tiful 4 made by an artificial mixture of 
two colours, blue and yellow; a green, 
{till lefs beautiful, may be made by a mix- 
ture of fimple green, orange, and indigo; 
but the moft obfcure green of all will be - 
that made by a ftill greater number of 
thefe colours united. By much compo- 
fition in this manner, the beauty of every 
colour may be deftroyed, and all its live- 
dinefs dimmed into faintnefs. Grey, rut 
det, brown, are only compofitions of 
many colours, they may be confidered 
as fo many leffer degrees of white, and 
differ only in having the proportion of 
their colours lefs evenly mixed, and con- 
fequently not affecting us with fuch 
ftrong es 


It was obferved in the beginning, that _ 
the different colours paffed through the 
prifm in different direGtions. The-red, 
being lea& refracted or bent in its courfe, 

Aa4 went 
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went almoft dire€tly forward; the fuc- 


¢eeding colours diminifhed in their force, 
till the violet was refra&ed moft of all, 
and went through the prifm in a very 
oblique direction. What can be the 
caufe of this more direct progrefs in one 
ray than in the other? Why is the violet 
driven more out of its courfe than the 
red? Can it be afcribed to any other caufe 
than the different attractions which the 
different rays undergo from the medium, 
or glaffy body, through which they pals? 
It muft certainly be fo. The red rays are 
moft direatly ; ; the violet are moft at- 
tracted, and therefore they go through 
the moft oblique of all. We have often 
had occafion te obferve, that almoft all 
bodies repel as well as attract; and that 
when at a certain diftance, the attraGting 
power is too feeble to act, then the re- 
pulfive power exerts its force, and the 
bodies ate driven feparate. Now what- 
ever be the attractive force of the prifm 
ws fome rays of light in fome circum- 


ftances, 
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ftances, it will have a repulfive, force 
upon the fame rays in other circum- 
ftances, and that ray which it attracted 
moft ftrongly at one time, it will repel 
with the greateft violence at another. A 
ray repelled or driven back is only in other 
words a ray reflected, fo that we may fay, 
- that thofe rays, which are moft ftrongly 
refracted, are moft ftrongly reflected alfo; 
the attractive power operates at one time 
and refraéts the ray, and the repellent 
power at another, and refle@s it. If this 
then be the cafe, the violet ray, as it is 
moft refracted, will be moft reflected 
alfo; while on the other hand, the red 
ray; as being {mall in refraction, will be 
flow in refletion; and this is found true 
by experiment: for if we turn a prifm 
round upon itfelf in fuch a manner, that 
the light, which was tranfmitted through 
it, be reflected upon an object properly 
difpofed, we fhall fee the violet will be 
the firft colour that will fuffer reflexion, 
then each other colour in fucceffion, till red 


comes to clofe up the rear. From hencé - 


therefore 
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therefo¢e we may conclude, that the fame 

caufe, which produces the refraction of 
the rays, produces their reflexion alfo. 

The more we know of Nature, the more 

_we difcover her uniformity. 


WE may now then univerfally cone 
clude, that if colours have not that vari- 
ety, the uninitiated obferver would fup+ 
pofe, that they are but few, beautiful, and 
fimple, yet ftill enough by their variety 
to give us all thofe pleafures which 3 
mixture of them is fometimes apt to pro- 
duce. Colours and founds have fome- 
thing in them alike. There are feven 
notes in mufic, there are fo many colours 
in the prifm. ‘The diftance between | 
each note is afcertained, a fimilar di- 
ftance is alfo found between each coloured 
ray; but we muft not from hence fup- 
pofe that there is any real refemblance 
between founds and colours; thefe are 
merely accidental fimilitudes, and their 
diverfities are {till more numerous; each 
note, for inftance, may be divided inta 

many 
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- many tones; each fimple colour ie indi- 
vifible. The combination of tones fome- 
times increafes their beauty, on the con- 


trary, the combination of colours deadens 
their effect. The fuccefhon of founds 


have a very fine influence upon the mind, — 


the fucceffion of colours has fcarce any 3 
_ yet in this philofophical age, it was not ta 
be fuppofed, that the trifling refemblance 
between founds and colours, as mentioned. 
above, fhould pafs without proper no- 
tice. In fact, a whimfical French philo- 
fopher has written a treatife to prove, 
that as our ear finds pleafure in the fuc- 
ceffion of founds, fo the eye may have a 
fimilar one from the fucceffion of colours. 
There is, fays F. Caftel, a mufic of co- 
lours as well as of founds; and when the 
eye has been for a fhort time lefloned to 
ocular fucceffion, there will arife as much 
pleafure to the eye, as the ear derives from 
found. For this purpofe he compofed an 
ocular harpfichord, as he called it, which, 
inftead of founding to the ear, prefented 
colours to the eye: the prifmatic rays 
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furnifhed the notes, and the fhades be~ 
tween were {ubftituted for the femitones. 
The inventor however died without fi- 


nifhing an inftrument, which raifed the. 


expetations of many, but excited the 
ridicule of more. Sounds furnifh the ear 
with all its pleafure. Colours furnifh 
the eye but with half its pleafures, for 
figure comes in for the other half. To 
make fuch an inftrument fatisfy the fenfe, 
the beauty of colour and figure muft be 
united. | | 


—— ——, 
ae _ 


ca”. eee 


Experimental Philofophy. 363 


CHAP. X. 


Of the Figure and Difpofition of the Sur- 
faces of Bodies, to reflect their refpeci- 


sve Colours. 


HE reader now perceives the caufe 

. of all colours, and knows that it is 
light, which, differently coloured itfelf, 
thus dreffes them in various beauty. 
Each object fends back to our eye thofe 
rays of light, which its furface is beft 
adapted to refle&. The ruby drinks up 
every other ray of light, the green, the 
blue, and the violet, but repels back the 
reddening rays to our eye in all their 
prifmatic luftre. The amethyft imbibes 
the ftronger rays, and gives back the 
violet with milder brightnefs. The tulip 
gives us only the yellow, and the hya- 
cinth its vivid blue. Every coloured ob- 
je&t may be thus regarded as a partial 
divider of the rays of light, as a prifm 
which can only feparate one colour, but 
confounds all the reft. | 
T 
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Ir will be now a fubje@ entirely cu< 
rious, to inquire what is the peculiar con-~ 
formation of thofe bodies, which ‘thus 
reflect one fort of rays and no other; to 
affign the caufe why. the ruby refleéts 
nothing but the red ‘rays, and the hya- 
cinth only blue. is _ 


4. 
Ay 


WE have hitherto only obferved the. 


colouring fubftance itfelf, we ought now 
‘to confider the preparation of the ground 


which receives it: to inquire how it — 


comes that every obje& hath this. fepa- 
' rative power over the particles of light; 
how it imbibes one colour, while it co« 
pioufly refleéts another ? 


THE reafon in general, why bodies re-~ 
flect this or that kind of ray more copi- 
oufly than any other, and confequently af- 
fume one particular colour, is, that the fize 
and denfity of the parts, of which bodies 
are compofed, are different. Let us for 
a moment fuppofe the furfaces of all the 
objets around us compofed of an infinite 
/ 2 number 


Experimental Philofophy. 365 


number of fmall glaffy plates, let us fup- 
pofe too the plates of one furface fome- 
thing thicker than the plates of another ; 
let us ftill farther fuppofe, that a beam 
of light, with all its feven rays, ftrikes 
againft one of thefe little thin plates, 
what will be the confequence? This 
plate will in fome meafure refemble a 
fhield: if it be extremely thin, it will be 
unable to repel the ftrongeft darting rays. 
The red, the orange, the yellow, the 
green, the blue, and the indigo rays will 
all dart through it with unrefifted force ; 
the feeble violet ray alone will be unable 
to get entrance,. and will therefore be 
reflected back to our eye, and we fhall 
fee the whole objeét, if it be compafed 
of fimilar plates, of a beautiful violet co- 
lour, while all the other rays have pafled 
into the fubftance of the body, and are 
there ftifled and loft. Suppofe the plate 
againft which the feven rays are darted 
to be a little thicker, the indigo then will 
be repelled and reflected, and the object 
will appear of that. colour ; thus, as the 

| | plates 
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plates increafe in thicknefs, the coloiz 
will approach to rednefs, for the thickeft 
plates of all will reflec only that colour é 
thus therefore the colours of bodies will 
depend upon the different thicknefs of 
the plates, of which their fubftance 18 
compofed. The thinner the plates, the 
body will be more inclining to violet ; on 
the contrary, the thicker they are, it will 
then approach more nearly to rednefs. 


Bur we have here fuppoled two things; 
which muft be firft proved. We have 
faid that bodies are compofed of {mall 
tranf{parent plates, and we have aflerted 
alfo that the thinner the plate, the more 
approaching to violet will be the colour, 
The firft of thefe is obvioufly true, the 
~ parts of all bodies, though feemingly void 
of tranfparency, when viewed if the gtofs, 
will be found, if taken feparately, to be 
pellucid like glafs. Nothing can feem- 
ingly be more opake and free from tran 
parency than the clothes we wear, yet 
let us but examine any one of the woollen 

hair 
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hairs that go into their compofition with 
a microfcope, and it will be found nearly 
tranfparent. Gold in the mafs lets no 
light through it, but if beaten out ex- 
tremely thin, we fhall then fee that its 
parts are tran{parent like other bodies, 
-and it will caft a greenith light if put 
over a-hole in a darkened window; {0 
that if gold be compofed of tranfparent 
parts, we may fafely conclude the fame 
of all other bodies whatever. 


Tue fecond affertion, that the thinner 
‘the plates, the more inclining to violet or 
.to black itfelf, would be the.colour of the 
-body which they compofed, comes next 
in -view. This, at firft fight, feems im- 
poffible to be proved, for where fhall we 
find plates {ufficiently thin to determine 
this, or how can we meafure them when 
found? Newton, .the moft fertile of all 
philofophers-in expedients to-confirm his | 
theory, threw light upon the intricacy 
by a very obvious, though till then 
unregarded experiment. The bubbles 
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which children blow with a mixture of 
foap and water, or the froth that we 
often fee ftanding upon the furface of a 
wafhing-tub, appeared to him capable of 
being turned to philofophical purpofes ; 
things overlooked by the reft of mankind 


are often the moft fertile in fuggefting 


hints. He blew up a large bubble from 
a ftrong mixture of foap and water, and 
fet himfelf attentively to confider the dif- 
ferent changes of colour it underwent 


from its enlargement to its diffolution. 


He in general perceived that the thinner 
the plate of water which compofed the 


"fides of the bubble, the more it reflected 
the violet-coloured ray ; and that in pro- | 


portion as the fides of the bubble were 
more thick and denfe, the more they re- 
flected the red; he therefore was induced 
to believe, that the colours of all bodies 
proceeded from the thicknefs and denfity 
of all the little tranfparent plates of which 
they are compofed: but this was only 


conjecture; to bring the theory to greater 


certainty, 1t was neceflary to meafure the 


thicknefs 
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thicknefs of the plate of water which 
compofed the bubble; but this was at- 
tended with fome difficulty, for the: 
bubble was itfelf of too tranfient a nature 
to admit of any experiments upon it. He | 
now bethought himfelf therefore, that 
two glafs plates might be made to ap- 
proach fo very clofe to each other, that 
if water were put between them, it could 
be preffed as thin as might be thought pro- 
per. For this purpofe therefore, a glafs, 
a very little convex, was placed upon 
a plain glafs, by which means they 
touched only in the middle, while all 
.the other parts were almoft, but not . 
quite touching, fo that water, or even 
common air, being placed between them, 
was prefied to the greateft conceivable 
degree of minutenefs. As the convexity 
of one of the glaffes was known, their 
diftance from each other at every point 
could be eafily meafured, and thus the 
thicknefs of the plate of water between 
them, at any diftance from the center, 
where the glafles touched, might be de- 

Bb 2 termined 
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termined with the moft exaét precifion. 
When thefe glaffes then were thus prefled 
together, the water or air between exhi- 
bited the following appearances: In the 
middle point, where they touch, appeared 
a black {pot perfe@ly tranfparent, next 
to this a ring of blue, then of white, yel- 
low, orange, red; then a new order of 
the fame colours begins again, and foon, 
one coloured ring without the other, for 
fix or feven different repetitions of orders 
fucceflively, each outer circle however 
more obfcure than thofe within, like the 
circular waves upon a difturbed fheet of 
water. In all the orders, however, it ap- 


pears that the reds are reflected by the’ 


plates of greateft thicknefs, atid the vio-~ 
“léts by the thinneft. | 


IT muft be obferved, however, ‘that: 
- the colours in thefe rings are by no 
: means fimple, but made up of two or 
- three, and fometimes four of the fimple 

‘prifmatic colours united together; and 
. from hence therefore we may infer, that 
- all 


a 
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all the objeéts of nature may be fuppofed 
to have their tints compounded. Like 
thefe coloured rings, each objet around 
us partakes of feveral fimple colours 
blended into one compofition, and by 
' knowing the fimple colours that go into 
the compofition of a fingle ring, we may 
nearly ccnjecture the fimple colours, that 
go igto the compofition of obje&s of ex~ 
actly fimilar colours, with which we are 
ordinarily converfant. Thus, for inftance, 
if we turn our eyes to the azure blue of 
the fkies, and demand what are the fimple 
colours that go into its compofition, we 
have only to examine the different orders 
of blue in the varioufly coloured rings of 
this pleafing experiment: among the 
number, we find a beautiful faint blue 
of the firft order, exactly refembling the 
colour of the ferene fky: nor does x 
only refemble this blue in colour, but .in 
nature alfo. The colour of the heavens 
muft arife from the nearly tranfparent 
vapours that float within its bofom ex- 
ceflively {mall, and their parts of almoft 
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_laconceivable thinnefs; the blue co- 
loured ring is reflected by a plate as thin 
as can well be imagined, being nearly an 
hundred thoufand times thinner than the 
cryftal of a watch. In this manner we 
may find the fimple prifmatic tints in 
every other objecét.. The beautiful green 
of the fields exactly refembles a fine green 
in one of the coloured rings of the third 
order. This colour is compounded of 
three fimple tints, blue, yellow, and 
green, and refembles the natural verdure 
of the fields in more than one circum- 
ftance; for as the vegetables wither, 
they grow yellow, and thus difcover the 
colours which originally went into the 
compofition of their natural beauty; in 


fhort, there is {carce a colour in nature, 


that we fhall not find fome fhade in thefe 
coloured rings bearing fome. refemblance 
to; and univerfally, the lefs compounded 
every colour, and the more it approaches 
prifmatic fimplicity, the more’ vivid its 
appearance, and the more intenfe jts ray. 
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. LET us again therefore repeat with 
unfatiated pleafure thofe furprifing dif- 
quifitions into nature. Every object 
takes its colour from the rays of light, 
which its parts are moft fitted to reflect. 
The {mall conftituent parts of every ob- 
je&t are in themfelves tranfparent, and 
while they fuffer fome rays to pafs, they 
reflect others. If the parts were ex- 
tremely fmall, and compofed of plates as 
thin as the fides of a bubble juft going td 
break, their colour would be of the vio- 
let kind; if the parts were thicker, they 
-would affume ftronger colours through 
‘the fucceffive fhades up to red. Nature 
-however prefents us with noobje&, whofe 
‘colour is fimple and reflects. only the 
light of a fingle coloured ray. The fkies, 
the fields, the flowers, the emerald, and 
the ruby all have their tints from a com- 
pofition of fimple colouring, each moft 
beautiful the nearer it approaches fimpli- 
city. 


 Tuus far of the caufe of colour and 
the fize in the parts of bodies to reflect 
Bb¢ Its 
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it; but ftill a difficulty remains: How 
comes it that fome bodies are tranfparent, 
while others of the fame colour are per- 
feétly dark, and let no rays of light pafs 
through them ? How 3s it that the ruby 
may be feen through, while a piece of 
fealing-wax is perfectly opake? How 
comes it that the emerald lets the green 
ray, which falls upon one of its fides, 
dart through to the other, while the leaf 
of a plant tets no light pafs through at 
all? In order to folve this queftion, it 
gay be proper to afk another: If the 
ruby or the emerald were takenand ground 
into a powder, what would be the confe- 
quence? the confequence would cer- 
tainly be, that neither would any longer 
be tran{parent, nor fuffer the light to pafs 
through them. The ruby thus pow- 
dered and made up into a pafte, would 
be as opake as the fealing-wax itfelf. 
The reafon of this difference then will 
now be obvious: While the ruby was 
in its jewel ftate, its pores were {mall, and 
the plates of which it was compofed lay 
evenly furface over furface, like one glafs 
| plate 
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late laid upon another. The light 
therefore falling upon this even folid fur- 
face was attracted through without hin- 
drance, and but few of its rays were 
driven back, or fuffered refleétion by the 
way; but it muft be very different with 
the fame body when reduced to powder ; 
jit then becomes porous, its furfaces lie 
confufed and in unequal directions. A 
part of the rays of light therefore will 
fall upon the outward broken particles of 
the gem, and by being reflected to the 
eye, give us, as in the former cafe, a 
fenfation of rednefs; but far the greater 
number of rays will pafs into its fub- 
ftance, they will upon entrance find it 
porous, the condenfed matter which in 
the former cafe attracted it, and increafed 
the rays celerity, now no longer ads 
with equal force, the ray feebly attracted 
therefore will be partly repelled, will 
dart from pore to pore, will be driven 
into ten thoufand directions, and will be 
at laft totally loft to fenfe. -In a word, 
the tranfparency of all bodies arifes from 
the 
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the clofenefs and fimilitude in the con+ 
texture of their parts, while their opa- 
city on the contrary arifes from their 
being very porous, or from being com- 
poled of parts very diffimilar to each 
other. The ruby was deprived of its 
tran{parency by being ground to a coarfe 
powder, a degree of tran{parence might 
again be reftored by grinding thefe coarfe 
parts fo as to make them extremely fine, 
and thus reftore them in fome meafure 
to their original minutenefs, And in 
this manner fome of thofe tran{parent bo- 
dies, called pafte, are formed by repeated 
trituration. We may conclude therefore 
that to make almoft any body tranfpa- 
rent, little more Is requifite than to di- 
minifh the pores. Paper tranfmits but 


Jittle light; it becomes more tran{parent 


by ftopping up its interftices with oil. 


As the parts of bodies muft thus be 
clofe and fimilar when they are tran{pa- 
rent, on the other hand, if they refle@ 


light, this muft neceflarily come from 


their 
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their pores. The ray, which is attraSted 
by the folid parts of the body, is repelled 
when it comes to a pore; for wherever 
attraction ceafes, there repulfion begins. 
Thus, when the rays of light pafs from 
air into glafs, juft at their entrance into 
this new medium, fome of them muft meet 
pores, from which they will partly be re- 
pelled, and yet a part will enter, and fo 
there 1s a {mall reflection from the nearer 
furface of the glafs. As the rays go for- 
ward, by coming to the back furface of 
the glafs, and going again out into air, 
they will-meet with a greater number of 
pores than they firft did upon their en- 
trance into the glafs, and there will be 
therefore more rays reflected from the 
back furface than from the nearer; and if 
the rays, inftead of going out from the 
back furface into air, went into a void, 
which has {till more pores than air, they 
would meet {till more oppofition to repel 
their progrefs, and they would be re- 
flected in greater abundance. What is 
thus true in theory, is equally proved by 

expe~ 
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experience; for if we cover the mouth 
of a receiver with a glafs properly dif- 
pofed, then we fhall fee, as the air is 
pumped from behind, the raye will begio 
to be reflected from the hinder furface in 
2 very copious manner. 


In this manner is light refle€ted fram 
the pores of all bodies; but it may be 
objected, that we formerly afferted that 
the denfeft and thickeft plates are thofe 
which reflect the moft numerous rays, 
whereas we now fay, that the pores re+ 
fle&t the rays only; does not this imply 
~ a contradiction ? Not at all; for we muft . 
obferve that a ray of light is ever moft 
reflected when it paffes between two mer 
’ diums, which have the greateft difference 
in their denfities: for inftance; it is 
moft reflected when it paffes from a very 
rare medium, like atr, into a very denfe 
one, like quickfilver. It is repelled from 
the pores of the latter in great abund- 
ance ; for quickfilver, though denfe, hath 
numberlefs pores notwithftanding. 

THIs 
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‘Tuts then brings us to the laft flep of 
our theory. We faid long fince, that 
bodies which were very white reflected 
all manner of rays. Tin is fuch a body. 
We now fay that the denfeft bodies are 
moft apt to reflect rays coming froma 
rarer medium. Quickfilver ‘has great 
denfity ; a mixture of tin and quickfilver, 
‘therefore is made ufe of to reflea& the 
rays in’a common mirroar. A tranfpa- 
rent zla(s plate is fixed before to ‘prevent 
“any injury being offered to fo foft a fub- 
‘tance as the-two metals united make ; 4 
part of the rays enter the pores of the 


glafs, they go through, meet a medium 


of different denfity, part are reflected 


“from its pores to our eyes, and part go 


‘to be loft irrecoverably in the bofom of 
the metal. | 


As the colour, ‘tranfparency, and te-. 
flefting power of bodies in this manner 
arife from ‘the different denfities and 


- thickneffes of the parts of which they are 


compofed, it is no way furprifing to fee 
| _ two 
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two liquors entirely changed by being - 
compounded with each other; for what- 
ever makes a change in the denfity of 
the parts of which either fluid is com- 
pofed, will of confequence alter its tranf- 
parency or its colour. If the faline parts 
of one liquor enter the pores of another, 
this will dilate them, and confequently 
alter their colour. If two liquors ferment, 
-the parts of one will be dafhed againft 
thofe of the other, and thus either unite 
into larger maffes, and fo become opake, 
.or break into fmaller, and thus grow 
tranfparent. A few inftances of fuch al- 
terations in liquids will not be improper: 


Ir we infufe or fteep the common gall- 
nut in water, and mix this with fome 
powdered vitriol or copperas, it will make 
the black liquor, ink. If we pour into 
this mixture a few drops of aqua-fortis, 
_the whole will then become as clear as 
water; for there is (if I may fo fay) a 
ftronger afhinity between the vitriol and 
aqua-fortis, than between the gall-water 

and 
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and vitriol: ‘the vitriol and aqua-fortis 
therefore attract each other, they unite, 
and the heavy aqua-fortis drags the vi« 
triol with it to the bottom, leaving the 
gall-water above all in its former tranf{- 
parency. If now fome drops of alie of 
pot-afh be poured in; as the affinity be- 
tween the aqua-fortis and pot-ath is 
greater. than between aqua-fortis and vi« 
triol, the aqua-fortis will defert the vi- 
triol and cling to the pot-afh. It drags it 
‘ down to the bottom, as it before did the 
vitriol, while in the mean time the vi- 
triol being fet free, again mixes with the 
gall-water, and thus the fluid affumes its 
former blacknefs. It may be again made 
tranfparent, by pouring in a few drops 
of the fpirit of vitriol. 


A SOLUTION of copper, which is 
green, is made clear like water by pour- 
ing in a few drops of fpirit of nitre; and 
by again mixing fome oil of tartar, it 
becomes green, as before. 


Rep 
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RED rofes fteeped for a fhort time ix 
brandy gives a colourlefs liquor. Aquia- 
fortis, juft flightly dropped in, £ives the 
whole a beantiful red. A lie of pot-afk 
turns this to a beautiful green. Spirit of 
vitriol dropped in, after flanding a few — 
minutes, turns the liquor to red. 


A TINCTURE of red rofes is madd 
black by a {olution of vitriol, and be- 
comes red again by oil of tartar. 


S@CLUTION of verdigreafe, from s 
green, by {fpirit of vitriol becomes co- 
lourlefs, then by a {pirit of fal ammoniac 
turns a purple, and then by oil of vitriol 
becomes tranfparent again. 


THE following liquors; themfelves 
void of colour, produce by mixture a 
highly coloured liquor. Rofated {pirit 
of wine, quite limpid, and {fpirit. of .vi- 
triol, almoft fo, produce a-red. Solution 
of mercury and oil of tartar, Orange. So- 
lution of fublimate and lime-water, yel- 

a low. 
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low. Tincture of rofes and cil cf tartar, 
green. .Tin@ture of rofes and {pirit of 
urine, a blue. A very flight folution of 
copper and fpirit of {al ammoniac, purple. 
Solution of fublimate and fpirit of fal 
ammoniac, white. Solution of faccharum 


faturni and folution of vitriol produce a 
black. - | | 


— Tue following liquors, which are co- 
loured, being mixed, produce colours very 
different from- their own. The yellow 
tincture of faffron, and the red tincture 
of rofes, when mixed, produce a green. 
Blue tincture of violets and brown fpirit 
of fulphur united, produce a crimfon. 
Red tingture of rofes and brown fpirit of 
hartfhorn make a blue. Blue tinCture of 
wiolets and blue folution of copper, give a 
violet colour. Blue tincture of cyanus . 
and blue {pirit of fal ammoniac coloured 
make green. Blue folution of Hunga- 
tian vitriol and brown lie of pot-afh make 
yellow. Blue folution of Hungarian vi- 
triol and red tinture of red rofes make 

Vou. II. Cc a black. 


384 A Survey of 
a black. Blue tinéture of cyanus and 
green folution of copper produce a red. 


THESE liquors are moftly tranfparent, 
fo that when a fquare flafk is filled with 
any one of them, with blue folution of 
copper, for inftance, we can fee objeéts 
through its fides, all painted, as it would 
feem, with a beautiful blue. But need 
we by this time obferve, that if two flafks 
of different coloured liquors be placed 
before the eye, no objet whatfoever can 
be perceived through them? Need we 
obferve in this cafe, that the blue rays 
pafling through one liquor, will take a 
different courfe when they come to the 
other liquor, contained in the adjoining 
flafk ? The learner knows, without doubt, 


that the rays will be turned out of their. 


former .dire@tion, they will fuffer a dif- 
ferent refra€tion, and will not give a tho- 
rough light through both. | 


IT only now remains to account for 
that difference of colour which the fame 
object 
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object frequently exhibits in different 
fituations: thus, the colour of a dove’s. 
neck in one pofition is green, and in 
another, purple. The plumage in a pea- 
cock’s tail now appears red, then a daz- 
zling green. Some filks, looked at di- 
retly, are purple, fidewife, they are red. 
Some liquors, as an infufion of lignum ne- 
phriticum, held between us and the light, 
feems blue, but oppofite the light feems 
red or yellow. Whence comes this dif- 
ference? It arifes from a difference of 
denfity in the {mall plates of which thofe 
bodies are compofed. In one pofition, 
fome are adapted to refled&t the rays, 
while others to abforb and tranfmit them ; 
for if we fuppofe one of thefe double- 
coloured objects to be made up of two 
fubftances of very different denfities, for 
inftance, the particles of the body it- 
felf to be one fubftance, and the fluid 
that enters between them another, the 
reflections from thefe parts of very dif- 
ferent denfities muft be very different at 
different obliquities of the eye. Let us | 

OF a wet 


Taf 
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wet thefe double-coloured objects, let us 
dip the variegated feather in water, or 
the changeable filk in oil, the denfities 
and thicknefs of their parts, and the fluid 
within them are rendered more alike, 
their refleGtion will be therefore lefs vi- 
vid, and they will return but one uni+ 
form fhade of colouring. | 
YeT perhaps all this may be ac- 


counted for on much more obvious prin- 


ciples. The {mall plates of colour in one 


pofition are turned to the eye, -in another, 
they are turned away, and a different 
furface prefented to the fpectator. In the 
fame manner in feeling; fome forts of 
ftuff, fuch as common plufh, if we draw 
the hand 1n one dire@ion, will be a f{mooth 
furface, but in an oppofite direction, very 
rough. The fame objet may thus pre- 
fent different furfaces to the eye, as well 
as the touch; as a field of corn, viewed 
with the wind, is of a different fhade 
from the fame field viewed againft the 


wind ; in each cafe, we fee different parts 
| of 
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of the fame object prefented to the view, 
The more approaching tothe teftimony of 
our fenfes every philofophical folution is, 
the more perhaps is it conformable to 
nature. It is the bufinefs of a philofo- 
pher, like a parent, to correct the errors 
of fenfe, but not, like a tyrant, totally to 
rejet their information, 


Ce 3 CHAP. 
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CHAP. XI, 


Of the Rainbow. 


e 


F all the meteors which refult from 
the reflection of light, the rainbow 


is the moft pleafing and extraordinary: 


its colours not only delight the eye with 
the mildnefs of their luftre, but encou- 
rage the fpeétator with the profpect of 
fucceeding ferenity. 


IT is but by flow and painful fteps 
we atrive at the true caufes of things: 
the colours of the rainbow, which ftruck 
antiquity with amazement, no longer 
now: create the philofopher’s furprife. 
To Pliny and Plutarch it appeared as an 
object which we might admire, but could 
never explain. The priefts always pre 
ferred the wood on which the rainbow 
. had appeared to reft, for the burning their 
facrifices, vainly fuppofing that this wood 

7 had 
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had a perfume peculiarly agreeable to 
their deities. Some philofophers of the 
obfcure ages began to form more juft 
conceptions concerning this meteor; but 
Kepler it was, who firft f{uppofed that it 
might arife from the refraction of the 
 fun’s.rays.upon entering the rain-drops. 
Antonio ‘de Dominis enlarged a theory 
but juft hinted at by Kepler; and his 
treatife De radits lucis et iride appeared 
in the year 1611, feveral years after the 
author himfelf had been driven from his — 
bifhoprick of Spalatro in Dalmatia by the 
Inquifition, for attempting to oppofe the 
opinions of Ariftotle, which were then 
clofely connefted with religion, or at 
leaft thought to be fo. Each fucceeding 
philofopher went on in improving a the- 
ory, the truth of which feemed to carry 
great’ probability. Cartefius and Mari- 
otte both fet themfelves to improve the | 
inquiry, but as they were ignorant of the 
true caufes of colour, they left the. tafk 
unfinifhed, for Newton to complete. The 
theory of the rainbow, as explained by 

Cc4 him, 
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him, is full, clear, and imprefies the 
mind with perfeét conviction. Of all 
the various meteors which ferve to terrify 
or amule us, this is the only one, for 
which naturalifts can account in a fatif- 
factory manner. 


Ir is needlefs to defcribe this meteor, 
which every reader muft have furveyed 
with wonder. ‘The moft untutored f{pec- 
tator knows, that it is only feen when 
he turns his back to the fun, and when 
it rains on the oppofite fide. Its colours 
are, beginning from the under part, v10- 
let, indigo, blue, green, yellow, orange, 
red, fo that we fee it contains all the 
beautiful and fimple fhades of the prifm. 
Without the firft bow, we often fee an 
external rainbow, with colours lefs vivid, 
and ranged in an oppofite order, begin- 
ning from the under part, red, orange, 
yellow, green, blue, indigo, violet; fome- 
times we fee half, fometimes an whole 
bow, frequently one, very often two, 
nay, three have been feen; Dr. Halley 

| | gives 
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gives an account of his having obferved 
fuch a triple bow at Chefter, and many 
others have feen the fame. Now then, 
to explain the manner in which the bow 
is made, and the caufe of thefe various 
appearances, which it is found to affume,. 


LeT us begin this theory with the ex- 
periment by which Antonio de Dominis 
undertook to explain the caufe of the 
rainbow: this philofopher filled a glafs 
globe with water, and hung it at a cer- 
tain height, oppofite the fun, then ftand- 
ing himfelf with his back to the fun and 
his face to the globe, he found, that when 
this was placed in fuch a fituation, as 
that a ray darting from the fun to the 
globe made angle, with another ray going 
from his eye to the globe, of forty-two 
degrees three minutes, in fuch a cafe, I 
fay, he found that the globe appeared 
red. If the globe was altered, fo as to 
make the angle between the folar and the 


-vifual ray lefs, then the other colours of 


the rainbow arofe, from red down to 
violet, 
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violet, which appeared at an angle of 
forty degrees feventeen minutes. Let us 
now fuppofe ourfelves in this philofo~ 
pher’s place, the globe before us, the fun 
behind, and its rays againft the globe 
making an angle with our vifual ray of 
forty-two degrees three minutes: we 
know that millions of the fun’s rays fall 
upon this globe, and that each ray has a 
different colour, and is differently rer 
fracted upon entering the globe, the red 
ray being leaft refracted, and the violet 
ray moft of all. For this reafon, the red 
rays will pafs out of the globe in one 
place, the orange rays in another, the 
yellow, the green, the. blue, the indigo, 
and the violet will all pafs feparately. 
To make this ftill plainer, let us fuppofe 
this globe an affemblage of an infinite 
number of plain furfaces, which it is in 
effe&. (See fig. 80.) Let us fuppofe the 
red rays, ABC to come parallel from the 
fun upon three minute furfaces of the 
globe, now we know that each will be 
refracted or bent in paffing into the globe 

proportionally 


os 
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proportionally to its angle of incidence. 
The red ray A falls with the moft oblique 
incidence, and its refra€tion will be there- 
fore greater than that of the ray B or C, fo 
that it will be bent toR. The ray B comes 
with a lefs oblique incidence, and there- 
fore it will be refracted more diretly to 
the fame point R; the ray C inciding 
ftill lefs obliquely than either, will be lefé 
refracted, it will go almoft dire@ly for- 
ward to R; thus the three rays, by fall- 
ing at different angles of incidence, will 
unite in the fame place at the oppofite 
fide of the globe. At the point R each 
ray will be in a great meafure refleted, 
making an angle of reflection perfectly 
equal to the angle of incidence; from R, — 
therefore, each ray will travel backward 
out of the globe, and upon emerging 
from. thence at a 4c, they will make the 
fame angle with the furface of the globe 
as that by which they firft entered, they 
will therefore all turn out parallel as 
they firft came from the fun, and they 
will firike the fpeCtator’s eye, if it hap- 
peas 


394 A SURVEY of 


pens to be placed conveniently, ato. If 
there be a fufficient quaftity of thefe to 
affe& the optic nerve, they will then be 
feen, and appearred. The rays abc are 
the vifible ones of the globe or drop of 
water, and every drop of water has thus 
its vifible rays. ‘There are numberlefs 
others which do not come to the eye; 
there are millions of orange, blue, green, 
violet ones, which ftriking upon the 
fame part of the globe with the red rays, 
that are differently refra&ed upon going 
through, and take a different road upon 
bejng reflected back, fo as not to fall 
upon the eye placed at g. Were the 
globe lowered a little, and the angle thug 
made {maller, reduced to forty degrees 
feventeen minutes, then the violet rays 
would ftrike upon our eye, while the red 
rays we faw before would pafs over our 
heads, and a {peCtator who looked over 
us would fee them. 


Now, what has here been faid of one 


globe or drop of water is true of millions 
of 
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of drops. Let us imagine a fhower fall- 
ing at fome diftance before us, and the 
fun from behind us darting its rays upon 
the numberlefs drops of which it is com- 
pofed. Let us, to avoid confufion, fup< 
pofe we fee a rainbow of three orders of 
colours; the drop R, that is feen at the 
largeft angle, LOR, will be red, the 
drop feen at a fmaller angle, LOV, will 
be green, and that feen at a ftill fmaller 
angle LOP will be violet. (fee fig. 81.) 
Thus, milligns of drops will be feen of 


thofe three different colours : in fhort, all 


drops in that fhower, feen at the fame 
angles will appear varioufly coloured in 
that manner: all drops, I fay again, that 
are placed between fuch angles, thiat is, 
of forty-two degrees and forty, will be 
feen coloured, and if fo, we muft thus 
fee part of a beautiful circle of thefe co- 
lours; for we may readily fuppofe an 
arch in the heavens, every part of which 
fhall be at an angle of between forty and 
forty-three degrees from the eye, and 
this arch is the rainbow. Our eye is in 
the point of a cone, and the rays that 

a, dart 
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dart from it, falling at thofe angles, forne 
the circular bafe of the cone: a part of 
this circle we fee coloured, while the 
earth cuts off the other part which lies 
below our horizon. 


To make this yet plainer ; fuppofe the 
fpectator were upon the top of a very 
high mountain, and the drops of rain 
falling near him, inftead of a femicircu+ 
lar rainbow, he would then actually fee 
a complete ring of that beautiful meteor. 
All drops at an angle of between forty 
and forty-two degrees will appear to him 
coloured. One drop may be fuppofed to 
be at that angle above the f{peétator’s eye, 
another at the fame angle downwards 
below his eye, one drop at that angle 
to the right, and another to the left; in 
fhort, we may thus complete a circle of 
drops, and this is that glorious circle 
which he fees, a circle not like our com- 
mon bow, cut off by the earth, but coms 
. pletely beautiful, and ufually feen from 
the American Andes. 


Wer 
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WE come now to the fecond rainbow, 
which we obferved encompaffed the for- 
mer, more widely {pread, more faintly lu- 
minous, and with inverted colouring. 
This bow, like the former, is made by 
the rays of the fun darting upon the 
drops of falling rain, and from thence 
reflected to the fpectator’s eye. The dif- 
ference between the two bows is this, 
that in the internal bow each drop re- 
ceives the rays of the fun on its upper 
furface, (fee fig. 82.) whereas, on the 
contrary, in the great external bow, each 
drop receives the fun’s rays at its bottom, 
from whence the ray being twice re-— 
fra&ted and twice reflected, it comes to 
the {pectator’s eye with diminifhed luftre 
and in an inverted order. But before 
we explain this, it muft be obferved, that 
as in the former bow experience proved 
that the drop muft be placed at angles 
of between forty and forty-two degrees 
to tran{mit and refleé& the coloured ray, 
fo experience likewife proves, in the pre- 
fent cafe, that the drop mutt be placed at 

an 
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an angle of between fifty degrees fifty- 
feven minutes, and fifty-four degrees 
feven minutes, to appear coloured after 
two refractions and two reflections, which 
we fhall now fee a me pafling through it; 
a 


A BUNDLE of rays dart from the fud 
on the lower furface of the drop at G; 
{fee fig. 83.) there a part of thefe enter; 
‘while another part 1s ftruck back by re- 
flection, and loft: thus there is already 
part of the rays fcattered and loft to the 
eye. The part refracted go on to H, a 
part of thefe go forward into air, and 
are thus loft again to the eye, while the 
little that remains 1s reflected up to K; 
Here:a’third time another part of the ray 
efcapes out of the drop, while what re- 
mains is refracted’to.M; at its going 
out of the drop here, ftill another part 
of the ray is fcattered and loft, which is 


.a fourth diminution; laftly, what re- 


‘mains after fo many diminutions is re- 
fleGted to the eye at N. Thus the ray 
comes 
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comes to the eye after no lefs than two 
refletions and two refractions; by this 
means, therefore, it lofes near one half 
more luftre than is feen in the inner bow, 
where there is but one reflection only; 
and the colours alfo of this bow muft 
come to the eye in a different order from 
thofe of the inner bow; for the eye being 
placed at O, (fee fig. 84.) it receives the 
leaft refraéted red rays from the outer 
edge of the internal bow, and it muft 
therefore receive the mift refraéted or 
violet rays from the inner edge of the 
external bow, the violet ray being much 
more refracted than the red ray a, as we 
fee by the figure. | 


Sucw is the nature of this meteor 
formed by the folar rays; but there is 
fometimes alfo a lunar rainbow, formed 
exactly in the fame manner, by the bright 
beams of the moon ftriking upon the 
bofom of a fhower. This meteor Ari- 
ftotle boafts himfelf to have firft re- 
marked, and affures us, that in his time 

Vou. IL. Dd fuch 
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fuch a rainbow was feen, with the colours 
extremely lucid. Similar meteors have 
been frequently obferved fince his time; 
and, among our own countrymen, Mr. 
Thorefby has given the defcription of 
one in the Philofophical TranfaCtions. 
The lunar rainbow which he obferved 
was equally admirable both for the beauty 
and the {plendor of its colours : it lafted 
ten minutes, till at length a cloud came 
and intercepted the view. 


But we mutt take efpecial care not to 
confound this appearance caufed by the 
moon, with that lucid ring which we 
often fee diffufed round it, called an Halo, 
for the produ¢tion of which philofophy has 


-as yet found no probable folution. Huy- 


gens fuppofes that there are certain glo- 


_bules in the atmofphere, confifting of a 
- tranfparent fhell of ice or water, but per- 


fetly opake within; and that from the 


. partial refleCtions of thefe arifes this me- 


teor. This can give us but very little 


- fatisfa€@tion in our refearch. An infinite 


number 
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hiimber of drops with icy coats and 
opake kernels is a greater wonder than 
the Halo itfelf; we muft therefore leave 
this meteor, with fonie others, fuch as 
the Parhelia, or mock-funs, the Para~ 
- felenae, or mock-moons, which fo often 
‘Appear in the regions round the north 
pole, quite unactounted for. No illufs 
trations are better than falfe illuftrationg: 
The rainbow is the only meteor for which 
we can Clearly account; and it is thus, 
that while philofophy excites man’s 
pride on one hand, it generally ferves to 
mortify his prefumption on another. 


Dd2 CHAP, 
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CHAP. SII. 
Of adventitious Colours. 


W: ‘have hitherto confidered colour 


as it is in the light, and as every 
object i is peculiarly adapted for feparating 
its different rays: we muft now obferve, 


that there are often colours in the eye 
itfelf, which alter the tints of objedts 


contrary to our defire; we often fee 


‘things peculiarly tindured, when we 


know their colour to be different from 
what it appears. To a jaundiced per- 
fon, white objects feem yellow; for the 
humours of his eye are then adtually 
tinged with that colour. To a perfon in 
a fever, the fame objects appear red, from 
fome fimilar alteration: thus, a change 
in the organ ever makes a feeming-change 
in the objeQ, fo that we may now affert, 


that the colour is properly neither in the 


object, nor in the colouring ray, but in 
the 
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‘the mind, which perceives either. If 
the eyes of all men were naturally jaun- 
diced, all white obje&s would appear 
uniformly yellow. 


A QuESTION of a very intricate na« 
ture now therefore arifes, Do all men 
fee the fame objects of the fame colour ? 
Do thofe fields which ftrike me with an 
idea of green, prefent a fimilar green to 
the friend with whom I am walking 
we both, it is true, confpire to call that 
beautiful verdure by one name, yet may 
it not affeé&t him with the fame fenfation 
which I receive from red, or any other 
colour? To make this plainer, fuppofe 
his eye were jaundiced from the birth, 
then it is evident that green would ap~ 
pear to him yellow; yet though we are 
fure he faw the colour wrong, yet this 
would caufe no error either in his own 
ideas, or his converfation; for he would 
{till continue to call that yellow colour 
green, and we fhould ynderftand him 
very readily. Ifa great part of mankind 

—6<Dd 3 had 
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had their eyes thus tintured, each would 


fee objects different from his fellow, yet 


none would be fenfible of the miftake. 
I fay then again, May not different men 
have different ideas of the fame colour? 
I am apt to think their ideas are different. 
If two men look at the fame fhining fpot 
of red upon a white wall for fome time 
fteadily, the colour will feem to alter to 
each, and new colours will arife. Thefe 
adventitious colours, however, which the 
{pot feems to affume, are different to dif- 
ferent perfons: the fpot turns to blue in 
my eye, while it becomes green to the 
eye of another {pectator that obferves it 
with me. Now, if we had both origi- 


nally feen the red {pot of the fame colour, — 


we fhould fee the changes it underwent 
of the fame colour alfo; for if two things 
are exactly alike, fimilar operations upon 
them will produce fimilar effets. But in 
the prefent cafe, two different effets, two 
different colours are produced to each 
{pectator from obferving the fame objea, 
a proof that the caufe which produced 
2 3 | 7 . this 
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this difference muft alfo be double, or 


that the red fpot excited two different 
ideas originally. 


However this be, the theory of ad-+ 
ventitious colours, or colours which arife 
when the organ is intenfely exerted, is a 
new and a pleafing fubje@&: it was firft 
ftarted by Dr. Jurin, whom more than 
once we have had occafion to mention 
with refpe&. It was purfued by Monf. 
Buffon, and he has given the hiftory of 
his particular fenfations in this purfuit 
wery accurately; every fpectator may 
readily compare them with his own, and 
thus difcover how far his organs of vifion 
refemble thofe of others. I have tried 
the experiment with regard to myfelf, 
and have found the colours change to 
my view in a very different order from 
that in which they appeared to the French 
naturalift; the changes as feen by him 
are thus related: 


WHEN ared {pot upon a white ground 
js earneftly regarded for fome time, a 
kind — 
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kind of green bordering is obferved round 
the fpot, and if the eye be taken off from 
the {fpot, and thrown upon another part 
of the wall or ground, it ftill continues 
to. fee a green bordering as before, ap- 
proaching a little towards blue. 


Ir, fays he, we obferve fixedly and 
for a long time a yellow {pot upon a 
white ground, we fee the {pot at length 
beg:: to be bordered with a pale blue, 
and if we avert our eyes tawards another 
part of the white ground, we fhall di- 
finétly fee a blue fpot of the fize and 
hure of the yellow one obferved before. 


Ir we obferve ftedfaftly and for a long 
time a green fpot upon a white ground, 
_ we fhall fee a bordering of lightith purple, 
and in averting the eye, we fhall feea 
purple fpot af the dimenfions of the 
former. 


Ir we obferve in the fame manner a 
blue fpot upon the fame ground, we fhall 
{ee a bordering of white inclining to red- 

t nefs, 
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nefs, and averting our eyes, we fliall-fee 
a fpot-of a light:-red. 


Ir we obferve attentively a black fpot 
upon-a ‘white ground, we {hall fee a bor- 
_-dering of bright white, and turning to 
‘another part of the wall, we fhall feea 
fpot of exactly the fame dimenfions with 
the former of a whitene(fs far exceeding 
‘that of ‘the wall. 


Ir we obferve long and .attentively.a 
-fquare fpot of bright red upon a white 


ground, we fhall firft begin to fee the 


flight green bordering mentioned above; 

-continuing ‘to look with fixed atterition, 
we fhall fee the middle of the fquare.be- 

gin to be difcoloured, and the fides aflume 

-a deeper red, and forming a fquare of.a 
dark crimfon ; then retiring a little back- 

wards, fill keeping our eye fixed, we 

fhall fee the crimfon edge or {quare trofs 

the {pot, and appear in the manner of a 

fafh-window with four panes of glafs, 

‘the crofs bars in this little {quare being 
-as vifibly different as the wood from the 
glafs 


cm a a 
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glafs in the window; continuing ftill to 
look ftedfaftly and with perfeverance, this 
crofs changes again, and we fee only a 
right angle of a red, fo ftrong and pene- 
trating, that it entirely dazzles the eye, 
and the organ becomes incapable of bear- 
ing further fatigue. If now the eye be 
turned upon another part of the white 
wall, the right angle will ftill appear, 
but no longer red, but of a bright and 
luminous green. This impreffion re- 
mains a long time, its colours fade away 
flowly, and even remain after the eye is 


fhut. 


Wuart thus is effected by regarding 
the red fpot, will alfo be the confequence 
of our regarding a yellow, a green, a blue, 
or black fpot, the crofs and the right 
angle will fucceflively appear each of a 
colour which is peculiarly adventitious 
to itfelf. 


AFTER looking at the fun as long as 
the eye could bear, the image of this lu- 
minary was fo ftrongly imprinted, that 

: it 
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it mixed itfelf with every object that was 


viewed for fome time after, in a manner 
refembling what has been already related. 


Sucu is the hiftory of Monf. Buffon. 
It now remains to be obferved, that in 
whatever manner it may in general de- 
{cribe the fenfations of fome eyes, it cer | 
tainly does not agree with the changes 
which are wrought in all. The experi- 
ment is eafy; and every fpeCtator may be | 
‘ foon convinced, that the adventitious co- 
lours here defcribed will not be exaély 
fimilar to thofe deduced from his own — 
experience. What then can we gather 
from this inquiry? Only this, That co- _ 
lour is in the organ, not in the body feen ; 
that man often makes colours without an 
objet: that adventitious colours are not 
the fame to every eye; and as thefe arife 
different, fo it 1s very probable that the 
original colours, which are the fources 
from whence the others proceed, are alfo 
- different: in other words, that the fen- 
fations which different men have from 
the fame coloured object are as much di- 


verfified 
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; * werfified as the organs that view them ; 
: ‘and that not the. things but the names 


_are:all that we can. argue upon with cer- 
omar ail 


Ir is a. sonitufipn fufiicientt to mortif 
~reafoning pride, that the more-minutely 
‘we penetrate into nature, the more we 
‘find caufe ‘to diftruft our guide itfelf: 

that the deeper {cience i8 purfued, the 
‘more it ferves to difenchant thofe pleafing 
-delufions which itfelf -had before taught 
“us to fancy. A-minute inveftigation of 
‘nature ‘fill prefents new wonders, till at 
laft,~the philofopher {eeing the number 
rife upon him on-evety fide, each equally 
> amazing and -equally infcrutable; he at 
length lefes cutiofity in defpair, and won- 
ders atnothing : yet let us while we. live 
‘ftrive to be amufed and to amufe each 
other. -If our happinefs hereafter is to 
-eonfiftin knowing much, let us here, by 
our feeble anticipation at.leaft, thew a 
-paffion for the enjoyment of {cientific 
‘felicity: 


FINIS. 
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